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0.0 Finite Element Model Description

Introduction

A finite element model of the AMS-02 payload was built to determine both the dynamic
and static loads for all major structural components that make up the total payload. The
model was built using both FEMAP 8.0 and MSC/NASTRAN. The actual dynamic and
static analysis is performed using MSC/NASTRAN version 2001. The model is currently
maintained on the ecf system at NASA/JSC. The actual directory where the model is

currently located is shown in this report.

Most of the current stress analysis for the USS-02 and the Vacuum Case is based on
the AMS-02 model version 8-02 and 6-02a. The USS-02 Center Body Joint and the
Primary Sill Trunnion Joint analysis was done using the 11-02 AMS-02 model. A new
loads comparison is performed each time that a new model is released to determine if
there needs to be any revisions to the current stress analysis. Model updates are sent
out with each new model release detailing the changes made from the previous version.

The final assessment of the loads for the VAR will be performed at a later time. The
VLA load factors are expected to be lower than the design load factors.
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Model Description

The full AMS-02 Model version 6-02a along with some sub components are shown in
Figures 0.0-1 and 0.0-7. The element ranges and types are listed in Table 0.0-1
through Table 0.0- 7. The important locations in the model are the five trunnion attach
locations, vacuum case to USS-02 attachments and the ISS-PAS attachment locations
to the International Space Station truss segment. Various other attachments locations
for the experiment components are represented in the model as well. The key interface

locations are shown on Table 0.0-8.

The AMS-02 payload currently has an Orbiter manifest weight of 14809 Ibs. The AMS-
02 6-02a math model weighs 14997 Ibs. The distribution of the mass is shown in Table

0.0-9 through Table 0.0-12 .

Figure 0.0-1: AMS-02 Model 6-02a
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Figure 0.0-2: USS-02 with Payload Attach System (PAS) and Lower Time of Flight
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Model Location and File Description

All of the different releases of the AMS-02 loads model are located on the ecf system at
JSC. The directory location is:

/hsm/bsommer/ams/bulk/(insert model version here)

Model 6-02a is found in the directory /hsm/bsommer/ams/bulk/6-02a/ and contains the
following files:

cord.dat

ip-uss-springs.dat

ip-ve-springs.dat

magassy.dat
magassyslosh.dat
magassyempty.dat
mpc2.dat - mpc8.dat

nistraps.dat

oc-ve-springs.dat

parame.dat

paramhf.dat
pramf.dat
preload.dat
radiators.dat
spcil.dat — spc8.dat
trd.dat

trdgas.dat

uss.dat

vc.dat

coordinate systems for nonlinear straps, USS-

02, and Vacuum Case models

CBUSH elements that connect the vacuum case to the USS-02
at 10 locations, the lower USS-02 to the lower Vacuum Case
Joint and the TRD to the upper Vacuum Case Joint.

CBUSH elements that connect the vacuum case to the interface
plates.

Magnet with full Helium Tank

Magnet with half full Helium Tank

Magnet with empty Helium Tank

Magnet strap, Helium Tank and Vacuum Case connectivity
equations for sub cases 2 through 8.

nonlinear strap grids, elements, materials, property and
temperature cards.

Vacuum Case Support Rings attachment to the Conical Flanges
and Outer Cylinder.

Model parameters with empty Helium Tank center of gravity
(CG) location

Model parameters with half-full Helium Tank CG location
Model parameters with full Helium Tank CG location

strap preload force cards

WAKE and RAM radiator model

Model constraints for sub cases 1 thru 8.

Transition Radiation Detector (TRD) model

TRD Gas Supply Model

USS-02 model

Vacuum Case Model
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Table 0.0-1: USS-02 Finite Element Numbering

USS-02
Component Element Range Element Type
[Upper Trunnion Bridge, Main Cross Section 1101-1112 CBEAM
[Upper Trunnion Bridge, Upper VC Joint Insert 1117-1120 CBEAM
[Upper Trunnion Bridge, Sill Joint Insert 1113-1116 CBEAM
ILower Trunnion Bridge, Main Cross Section 1201-1212 CBEAM
ILower Trunnion Bridge, Lower VC Joint Insert 1213-1216 CBEAM
ILower Trunnion Bride Elbow, Upper 1217-1220 CBEAM
[Lower Trunnion Bride Elbow, Lower 1221-1224 CBEAM
[Keel 4x4x1/4 7075 Tubes 1301-1303 CBEAM
IKeel, Centerbody Stubs 1305-1306 CBEAM
Keel, Trunnion Joint Stubs 1307-1308 CBEAM
runnions 1401-1405 CBEAM
Lower Centerbody 4x4x1/4 1501-1517 CBEAM
[Lower Diagonal Corner FLANGE BOX Beams 1601-1620 CBEAM
[Lower USS to Upper USS joints 1605 1610 1615 1620 CBEAM
RBE's for Lower Centerbody Jaints 1621-1624 RBE2
Sill Bridge 4x4x1/4, 1701-1704 CBEAM
Sill Bracket 1705-1706 CBEAM
Diagional Sill Bracket, | Section 1707-1709 CBEAM
||_D—i§gional Sill Bracket, Tube Section 1711-1712 CBEAM
[Horizontal Diagonal Strut 1801-1804 CBEAM
[RBE END A Upper Trunnioin Beridge to Upper VC JOINT 2001-2004 RBE2
IRBE END B Upper Trunnioin Beridge to Upper VC JOINT 2011-2014 RBE2
IRBE END A LOWER VC JOINT 2021-2024 RBE2
IRBE END B LOWER VC JOINT 2031-2034 RBE2
UPPER VC JOINTS 3001-4304 CQUAD4, CTRIA3, CBAR
ILOWER VC JOINTS 4401-5420 CQUAD4, CTRIA3, CBAR
[RBE END B of LTB BEAM TO LOWER VC JT 2021-2024 RBE2
IRBE END A of LTB BEAM TO LOWER VC JT 2031-2034 RBE3
[RBE LOWER DIAGONAL BEAM TO LOWER VC JT 2041-2044 RBE4
IMASSES 2101-2131
Mass-Primary Block 2101-2102 ‘ CONM2
Mass-Secondary Block] 2103-2104 CONM2
Joint Mass, 3#, upper VC interfacs 4305-4308 CONM2
Joint Mass, 3#, Lower VC interface 4309-4312 CONM2
Joint mass, 26#, Keel 2111 CDONM2
Joint Mass, 54#, RICH/ECAL, forward 2112-2113 CONM2
Joint Mass, 45.55#, RICH/ECAL, aft 2114-2115 CONM2
Fastener Mass, 7#, lower diagonal 2124-2127 CONM2
Joint Mass, 3#,End Fittings for Diag. Strut 2120-2123 CONM2
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Table 0.0-1 cont. : USS-D2 Finite Element Numbering

COMPONENT ELEMENT RANGE ELEMENT TYPE
PAS Fasteners 2135-2138 CONM2
Sill Joint Fasteners 2139-2142 CONM2
Contengcy Weight 4313-4332 CONM2
RBE2 Connection at Primary, 1901-1902 RBE2
RBE2 Connection at Secondary 1903-1904 RBE2
RBE2 Connection at Keel 1905 RBE2
TRD and Upper TOF RBE 's to Upper VC Joinf] 65061-65064 RBE2
UPPER INTERFACE MPC's TO USS RBE'S 65101-65104 MPC
LOWER INTERFACE MPC's TO USS RBE'S 65111-65114 MPFC
UPPER USS TO VC IP CBUSH ELEMENTS 66001-66006 CBUSH
LOWER VC JOINT TO IP CBUSH ELEMENTS 66011-66014 CBUSH
LOWER USS TO LOWER VC JOINT CBUSH ELEMENTS 66041-66044 CBUSH
TRD and Upper TOF Interface CBUSH ELEMENTS 66061-66064 CBUSH
Upper Interface Plate RBE to CBUSH nodes 65001-65006
Lower Interface Plate RBE to CBUSH nodes 65011-65014
Lower USS to Lower CBUSH Nodes 65041-65044
L.ower CBUSH elemnt to Lower VC Joint Nodes 655051-65054
Upper VC Joint to CBUSH for TRD and Upper TOF 66061-66064
Upper TOF and TRD to CBUSH Nodes 65071-65074
Upper CBUSH element to MPC nodes 65021-65026
Lower CBUSH element to MPC nodes 65031-65034
Upper MPC to RBE to USS Nodes 65101-65106
Lower MPC to RBE to USS Nodes 55111-65114
ISS Integration Hardware
PAS
PAS Beams 9001-9027 CBEAM

PAS Front Attachment Bracket [PLATE & Beams)

9217 9155-9283

CBEAM, CQUAD4

PAS Back Attachment Members (PLATE & Beams) 9001-9283 CBEAM, CQUAD4
PAS Trunnions 9032-9034 CBEAM
PAS Capture Bar 9035-9036 CBEAM
PAS Lumped Mass 9309-9311 CONM2

PAS RBE's|9042-9048 9285-9288 RBE2

Mass - UMA and RBE 9101-9102 CONM2
[Mass- EVA Panel/ Panel A 9153 CONM2
[Mass - 1SS Camera 9103 CONM2
[Mass - ROEU and RBE 9104-9105 CONM2
[Mass - Debree Shields 9106-9113 CONM2
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Table 0.0-1 cont. : USS-D2 Finite Element Numbering

[comPoNENT ELEMENT RANGE ELEMENT TYPE
"Mass- EVA Handrails 9313 CONM2
[Mass - FGRF 9601 CONM2
"ﬁass - PVGRF + Bracket Mass 9312, 9602 CONM2
[Mass - Scuff Plates 9701-9704 CONM2
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Figure 0.0-3: AMS -02 Vacuum Case Loads Model
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Table 0.0-2: Vacuum Case Element Numbering
VACUUM CASE
Component Element Range Element Type
UPPER FLANGE .08" PLATE] 10001-11128 CQUAD4
UPPER FLANGE .5" PLATE| 11129-11256 CQUADA4
UPPER FLANGE .736" PLATE] 11257-11320 CQUAD4
UPPER FLANGE TPR .08"-.827" PLATE 11321-11328 CQUAD4
UPPER FLANGE .827 th PLATE 11329-11336 CQUAD4
UPPER FLANGE TPR .08"-.5" PLATE] 11337-11400 CQUAD4
UPPER FLANGE 1.022"x.1" BEAM 11401-11976 CBEAM
UPPER FLANGE TFR .1" BEAM 11977-12041 CBEAM
UPPER FLANGE TPR .735"-.41" PLATE 12042-12049 CQUAD4
UPPER FLANGE TPR BOSS BEAM 12050-12081 CBEAM
UPPER FLANGE .174" PLATE] 12082-12137 CQUAD4
UPPER FLANGE TPR .174"-.08" PLATE 12138-12193 CQUAD4
UPPER FLANGE 1ST STEP BEAM| 12194-12240 CBEAM
UPPER FLANGE 2ND STEP BEAMI 12250-12305 CBEAM
UPPER FLANGE INNER RADIUS BEAM 12306-12359 CBEAM
UPPER FLANGE MASSLESS BAR 12370-13319 CBAR
UPPER FLANGE CIRC. RIBS BEAM 13320-13703 CBEAM
UPPER FLANGE TRACKER RBE'S 13704-13743 RBE2
LOWER FLANGE .08" PLATE 70001-71128 CQUAD4
LOWER FLANGE .5" PLATE 71129-71256 CQUAD4
LOWER FLANGE .736" PLATE] 71257-71320 CQUAD4
LOWER FLANGE TPR .08"-.827" PLATE 71321-71328 CQUAD4
LOWER FLANGE .827 th PLATE 71329-71336 CQUAD4
LOWER FLANGE TPR .08"-.5" PLATE 71337-71400 CQUAD4
LOWER FLANGE 1.022"x.1" BEAM 71401-71976 CBEAM
LOWER FLANGE TPR .1" BEAM 71977-72041 CBEAM
LOWER FLANGE TPR .735"-.41" PLATE] 72042-72049 CQUAD4
LOWER FLANGE TPR BOSS BEAM 72050-72081 CBEAM
LOWER FLANGE .174" PLATE 72082-72137 CQUAD4
LOWER FLANGE TPR .174"-.08" PLATE 72138-72193 CQUAD4
LOWER FLANGE 18T STEP BEAM 72194-72249 CBEAM
LOWER FLANGE 2ND STEP BEAMI 72250-72305 CBEAM
LOWER FLANGE INNER RADIUS BEAM 72306-72369 CBEAM
LOWER FLANGE MASSLESS BAR| 72370-73319 CBAR
LOWER FLANGE CIRC. RIBS 73320-73703 CBEAM
LOWER FLANGE TRACKER RBE'S] 73704-73743 RBE2

UPPER IP 1" SOLID

13800-14391

CHEXA, CPENTA, CTETRA

LOWER IP 1" SOLID

14400-14999

CHEXA, CPENTA, CTETRA

OC .375" PLATE

16001-16512

CQUAD4

OC RING 1 0.250" PLATE

16613-16768

CQUAD4
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Table 0.0-2: Vacuum Case Element Numbering Cont.

COMPONENT ELEMENT RANGE ELEMENT TYPE
OC RING 2 0.232" PLATE|  16769-17024 CQUAD4
OC RING 3 0.213" PLATE|  17025-17280 CQUAD4
OC RING 4 0.199" PLATE|  17281-17536 CQUAD4
OC RING 5 0.187" PLATE| 17537-17792 CQUAD4
OC RING 6 0.177" PLATE|  17793-18048 CQUAD4
OC RING 7 0.169" PLATE 18049-18304 CQUAD4
OC RING 8 0.161" PLATE|  18305-18560 CQUAD4
OC RING 0 0.154" PLATE|  18561-18816 CQUAD4

OC RING 10 0.149" PLATE 18817-19072 CQUAD4
OC RING 11 D.148" PLATE 19073-19328 CQUAD4
OC RING 12 0.149" PLATE 103209-19584 CQUAD4
OC RING 13 0.156" PLATE] 19585-19840 CQUAD4
OC RING 14 0.169" PLATE] 19841-20096 CQUAD4
OCRING 15 0.196" PLATE[  20097-20352 CQUAD4
OC FLANGE RADIUS BEAM|  20353-20608 CBEAM
OC .365"x.353" BEAM|  20609-20864 CBEAM
OCRIB 1 BEAM  20855-20992 CBEAM

OCRIB 2 BEAM|  20993-21120 CBEAM

OCRIB 3BEAM|  21121-21248 CBEAM

OCRIB 4 BEAM  21249-21376 CBEAM

OCRIB 5 BEAM  21377-21504 CBEAM

OCRIB 6 BEAM|  21505-21632 CBEAM

OCRIB 7 BEAM|  21633-21760 CBEAM

OCRIB 8 BEAM|  21761-21888 CBEAM

OCRIB 9 BEAM|  21889-22016 CBEAM

OC RIB 10 BEAM 22017-22144 CBEAM

OCRIB 11 BEAM  22145-22272 CBEAM

OCRIB 12 BEAM|  22273-22400 CBEAM

OC RIB 13 BEAM|  22401-22528 CBEAM

OC RIB 14 BEAM|  22529-22656 CBEAM

OC MASSLESS BAR|  22657-26496 CBAR
IC 25" PLATE|  27001-27128 CQUAD4
IC TPR .25"-.125" PLATE|  27129-27256 CQUAD4
IC 125" PLATE|  27257-28216 CQUAD4

IC MASSLESS BAR|  28217-29432 CBAR
UPPER SR .25" PLATE|  30001-31049 CQUAD4
UPPER SR .164" PLATE|  31050-31607 CQUAD4
UPPER SR SOLID SECTION BEAM 31608-31643 CBEAM
UPPERSR .75" PLATE|  31644-32376 CQUAD4
UPPER SR .25" RADIUS BEAM 32375-32531 CBEAM
UPPER SR .5" RADIUS BEAM 32532-32602 CBEAM
UPPER SR .50" PLATE|  32603-32807 CQUAD4
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Table 0.0-2: Vacuum Case Element Numbering Cont.

COMPONENT ELEMENT RANGE ELEMENT TYPE
UPPER SR 1.859" PLATE| 32808-33243 CQUAD4
UPPER SR OC BEAM FOR J SECTION 33244-33419 CBEAM
UPPER SR MASSLESS BAR| 33420-33898 CBAR
UPPER SR PORT SIDE BEAMS 33809-33092 CBEAM
UPPER SR PORT TOP & BOTTOM BEAMS 33993-34024 CBEAM
UPPER SR PDCKETS 0.375" 34025-34141 CQUAD4
LOWER SR .25" PLATE 34142-35234 CQUAD4
LOWER SR .164" PLATE 35235-35805 CQUAD4
LOWER SR SOLID SECTION BEAM 35806-35841 CBEAM
LOWER SR .75" PLATE| 35842-36536 CQUAD4
LOWER SR .25" RADIUS BEAM 36537-36699 CBEAM
LOWER SR .5" RADIUS BEAM 36700-36764 CBEAM
LOWER SR D.5" PLATE 36765-36962 CQUAD4
LOWER SR 1.859" PLATE 36963-37311 CRQUAD4
LOWER SR OC BEAM FOR J SECTION 37312-37493 CBEAM
LOWER SR MASSLESS BAR| 37494-37973 CBAR
LOWER SR PORT SIDE BEAMS 37974-38054 CBEAM
LOWER SR PORT TOP & BOTTOM BEAMS 38055-38083 CBEAM
LOWER SR POCKETS 0.375" 38084-38231 CQUAD4
CONM2 LUMPED MASS Upper SR 39001-39008 CONM2
CONM2 LUMPED MASS Lower SR 39009-39016 CONM2
Upper SR Fastener QC RBE's 30101-39228 RBE2
Lower SR Fastener OC RBE's 39301-39428 RBEZ2
Upper SR Fastener Flange RBE's 39501-39564 RBE2
Lower SR Fastener Flange RBE's|  39601-39664 RBE2
Upper Flange to SR CBUSH Elements] 39701-39764 CBUSH
Lower Flange to SR CBUSH Elements|  39801-39864 CBUSH
Upper OC to SR CBUSH Elements| 40001-40128 CBUSH
Lower OC to SR CBUSH Elements 40201-40328 CBUSH
UPPER SR RBE'S 60001-61054 RBE2
LOWER SR RBE'S unless otherwise noted 65115-65997 RBE2
UPPER FLANGE TO IC AND TRACKER STEP RBE'S 62083-52226 RBE2
LOWER FLANGE TO IC AND TRACKER STEP RBE'S 62227-62373 RBE2
UPPER VC TO INTERFACE SPRINGS RBE'S 62001-62004 RBE?2
LOWER VC TO INTERFACE SPRINGS RBE'S 62011-62014 RBE2
UPPER INTERFACE SPRINGS TO IP RBE'S 63001-63004 RBE2
LOWER INTERFACE SPRINGS TO IP RBE'S] 63011-63014 RBE2
UPPER VC TD IP CBUSH ELEMENTS 64001-64004 CBUSH
LOWERVC TO IP CBUSH ELEMENTS 64011-64014 CBUSH
CONTENGY MASS ON RINGS 64201-64216 CONM2
UPPER IP TO INTERFACE SPRINGS RBE'S 65001-65004 RBE2
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Table 0.0-2: Vacuum Case Element Numbering Cont.

COMPONENT ELEMENT RANGE ELEMENT TYPE
Upper RBE Connection, Horizontal Diagonal Strug 65005-65006 RBE2
CONNECTION OF USS-02 TO VACUUM CASE
LOWER IP TO INTERFACE SPRINGS RBE'S 65011-65014 RBE2

UPPER VC TO CBUSH Nodes 40001-40004

LOWER VC TO CBUSH Nodes 40011-40014

UPPER CUBSH TO IP Nodes| 40101-40104

LOWER CBUSH TO IP Nodes|  40111-40114

Top Flange Nodes 11001-12828

Bottom Flange Nodes 12829-14659

OC Nodes 15001-19480

IC Nodes 20001-21281

USS Interface Nodes| 22001-22304

Upper Support Ring Nodes 25001-28597

Lower Support Ring Nodes 28601-32171

Upper & LowerInterface Plate Nodes 37001-39136

Magnet Interface Nodes 10101-10116

Tracker Mass Nodes 1020110216

Upper Flange Fastener Nodes 32201-32264

Upper Flange Contact to SR Nodes| 32301-32364

Upper Flange to Inner Cylinder Nodes| 32401-32464

Upper Flange Outer Tracker Diameter Nodes| 32501-32564

Lower Flange Fastener Nodes] 32601-32664

Lower Flange Contact to SR Nodes|  32701-32754

Lower Flange to Inner Cylinder Nodes| 32801-32864

Lower Flange Outer Tracker Diameter Nodes| 32901-32964

Upper OC Fastener to SR Nodes|  33001-33128

Upper OC Mid Rbe's to Upper SR Nodesl 33201-33328

Upper OC Inner Diameter to Upper SR Nodes|  33401-33528

Lower OC Fastener to SR Nodes 33601-33728

Lower OC Mid Rbe's to Lower SR Nodes 33801-33928

Lower OC Inner Diameter to Lower SR Nodes 34001-34127

Upper SR Fastener to OC Nodes 35001-35128

Lower SR Fastener to OC Nodes 35601-35728

Upper SR Fastener to Flange Nodes 35801-35864

Lower SR Fastener to Flange Nodes 35901-35964

Upper SR Coincident Nodes for CBUSH OC 36001-35128

Lower SR Coincident Nodes for CBUSH OCj 36201-36328

Upper SR Coincident Nodes for CBUSH to Flange 36401-36464

0.0-12



Name/Date File Name
Prepared By !Bruce R. Sommer/ 3-12-03 LOCKHEED MARTIN % Finite Element Model Desc. .doc
Science, Enginecring, Analysis, & Test .Drawing No.

Checked By M :.; EAC//()) Mechanical Systems Analysis D epartment ]SEGSQ135720
1 L4

Title: AMS-02 FINITE ELEMENT MODEL DESCRIPTION

Table 0.0-2: Vacuum Case Element Numbering Cont.

COMPONENT ELEMENT RANGE ELEMENT TYPE
Lower SR Coincident Nodes for CBUSH to Flange 36501-36564
Joint Mass, 5#, horizontal diagonal lug 2109-2110 CONM2
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Figure 0.0-4: Magnet and He Tank Assembly
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Table 0.0-3: Various Experiment Components Located in USS-02 and Vacuum

Case Models

VARIOUS EXPERIMENT COMPONENTS

Component Element Range Element Type
e-CAL, slotted connection modeled - 53001-53002 CONMZ, RBE3
racker 54001-54016 CONM2
Tracker Cables 54201-54392 CONM?2
ACC 54101-54108 CONM2
Electronics 57001-57008 CONM2
RICH 50001-50002 CONM2, RBE3
OF, TRD ATTACHMENT 58001 CONM2, RBE3
TOF, BOTTOM HONEYCOMB, C CHANNELS 58002-58086 CBEAM
TOF, BOTTOM ATTACHMENT STRUTS 58087-58102 CBEAM
CAB 55003-55004 CONM2
her/Rad 56001-56013 CONM2
Magnet Avionics 59001-59027 CONM2
[Magnet Avionics 20 Ibs +RBE3 59028-59029 CONM2
[Magnet Avionics 10 Ibs+ RBE3's 59030-59033 CONM2
Magnet Avionics 5 Ibs 59034-59041 CONM2
CVB 56109 CONM2
Cryo. Coolers 59051-59054 CONM2
Star Tracker 56116 CONM2
Lower WAKE and RAM Radiators with RBE's 56119-56122 CONM2, RBE3
Busbars, cabels, vent pump 56116 CONM2
CS 56112-56113 CONM2
dditional AMS Mass 56101-56108 CONM2
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Table 0.0-4: Magnet and He Tank Element Numbering

MAGNET AND HE TANK

Component Element Range Element Type
Straps 90001-90016 CROD
trap connection to Magnet, RBE's 94163-94180 MPC
Magnet Elements 91001-99724 CBEAM, CQUAD4, CTIRA3
‘@net Contengency Weight 09801-99804 CONM2
He Tank Portion
louter Cylinder (OC) Plates 100001-100864 CQUAD4
loc Ribs 100865-101224 CBEAM
linner Cylinder (IC) Plates 101225102936 CQUAD4
IC Ribs 102937-103368 CBEAM

Top and Bottom Caps

103369-105552

CQUAD4, CTRIA3, CBAR

Strap Tubes 105553-109160 CQUAD4, CTRIA3, CBAR
Massless Bars 109161-112425 CBAR

Helium Mass 112426-112497 CONM2

Support Ring [SR) Beam 112498-112645 CBEAM

SR Plate 1126456-112949 CQUAD4

SR Spokes 112950-112985 CBEAM

RBE3's for He Mass 112986-113057 RBE3

SR Lumped Mass 113061-113096 CONM2

Y Struts 114001-114002 CROD

He Tank Nodes

100001-107133

"Helium Nodes

112001-112072

||mgnet Attachment Nodes

100001-100108
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Figure 0.0-5: WAKE and RAM Radiator Model
WAKE AND RAM RADIATORS

Component Element Range Element Type

WAKE Honeycomb

120001-120261

CQUAD4 (LAMINATE)

RAM Honeycomb

120301-120550

CQUAD4 (LAMINATE)

Crate Plate Elements 120601-121615 CQUAD4

Crate Beam Elements 120701-122322 CBEAM
ITracker Radiators 122401-122432 CQUAD4 (LAMINATE)
Mass Elements 122501-122543 CONM2
IRBE's for Lower Centerbody Joints 122601122928 RBE2

[Radiator Nodes

120001-121952
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Table 0.0-6: TRD Loads Model Element Numbering

TRD

Component Element Range Element Type

M Structure Beams 130001-130048 CBEAM

[M Structure Plates 130049-131648 CQUAD4

M Structure Massless Bars 131651-132726 CBAR

ITop Bracket Plates 133001-133552 CBEAM
133561-132726 CBAR

Top Bracket Bars

Top Pannel CID 130001

133801-133976

CQUAD4 (LAMINATE)

Side Panel 1 CID 130003

134001-134024

CQUAD4 (LAMINATE)

Side Panel 2 CID 130004

134025-134040

CQUAD4 [LAMINATE)

Side Panel 3 CID 130005

134041-134064

CQUAD4 (LAMINATE)

ide Panel 4 CID 13D0D6

134065-134080

CQUAD4 |LAMINATE)

Side Panel 5 CID 130007

134081-134104

CQUADA4 (LAMINATE)

Side Panel 8 CID 130008

134105-134120

CQUAD4 (LAMINATE)

Side Panel 7 CID 130008

134121-134144

CQUAD4 [LAMINATE)

Side Panel 8 CID 130010

134145-134160

CQUAD4 (LAMINATE)

[Bottom Panel CID 130002

134201-134316

CQUAD4 (LAMINATE)

[USS Interface RBE's 134651-134654 RBE2
[Mass|ess Bars for Octogon 134661-134692 CBAR
[other RBE's 134401-134640 RBE2
[Comer Bracket Plates 136001-136416 CQUAD4, CTRIA3
ICorner Bracket Bars 135421-136612 CBAR
[Corner Bracket RBE's 136621-136644 RBE2
[UTOF Interface RBE's 136651-136658 RBE2
INode ID's 130001-133271

|@S Interface Nodes

65061-85064
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Figure 0.0-7: TRD Gas Supply Loads Model
TRD GAS SUPPLY
Component Element Range Element Type
Sbox Plates, Bars, RBE's, Concentrated Masses 140001-140241 | CQUAD4, CTRIAS, CBAR,
RBE2, RBE3, CONM2

Table 0.0-7: TRD Gas Supply Model Numbering
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Table D

.0-8: Key Interface Grid Locations

NODE ID

LOCATION

1

Primary Trunnion, Forward Starboard

Primary Trunnion, Forward Port

Secondary Trunnion, Aft Starboard

Secondary Trunnion, Aft Port

|k |wN

Keel Trunnion

65071-65074

TRD to Upper Vacuum Case Joint
(USS-D2 Side)

B65061-65064

TRD to Upper Vacuum Case Joint
(TRD Side)

40001-40004

Vacuum Case to Interface Plates
(Vacuum Case Side)

40101-40104

Vacuum Case to Interface Plates
(Interface Plate Side)

65101-65106

Interface Plate to Upper Vacuum Case Joint
(Interface Plate Side)

Interface Plate to Upper Vacuum Case Joint

65021-65026 (Spring Element)
Interface Plate to Upper Vacuum Case Joint
65001-65006 (USS-02 Side)

655111-65114

Interface Plate to Lower Vacuum Case Joint
(Interface Plate Side)

65031-65034

Interface Plate to Lower Vacuum Case Joint
[Spring Element)

65011-65014

Interface Plate to Lower Vacuum Case Joint
(USS-D2 Side)

B5051-65054

Lower USS-02 to Lower Vacuum Case Joint
(Lower Vacuum Case Joint Side)

6504165044

Lower USS-02 to Lower Vacuum Case Joint

(Lower USS-02 Side)
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The Stress Analysis of the Conical Flanges

1.

2.

Introduction of the Conical Flanges

The Figure on Page 6 shows the Conical Flanges. The section view of the assembly on Page 7
shows how thc Conical flanges are assembled within the Vacuum Case System,

The design of the Flange Skin is 0.095 inch thick. The Radial Ribs are 0.983 inch high with the

thickness of 0.14 inch. The Circle Ribs are 0.491 inch high with the thickness of 0.135 inch. Some
of the details show on Page 8.

The Method Used to Perform the Stress Analysis of the Conical Flanges

The FEA math models of the Flanges were made using FEMAP software. The FEA models of the
Flanges consist of the CQUAD4, CTRIA3, and also RBE’s of SPC/MPC. Then, the models of the
Flanges were connected to the whole FEA model of AMS02 by RBE2s. The solutions of the Flange
FEA math models are obtained from running the NASTRAN model. The modifications, design

changes, and engineering judgments were made based on these solutions. The NASTRAN was run
several times when a final solution was reached.

3. The information of the Flange FEA models and assumptions

When the NASTRAN was run for the Flange FEA models, the assumptions were made that the rest
of the FEA math models are correct; the connections, which put the Flange math models on the
Support Rings and Inner Cylinder are correct; all the boundary conditions including the constrains
and loading cases are correct. In other words, the stress analysis of the Conical Flanges only
focuses on the Flange FEA math model itself.

Pages 9 - 10 of the report show how the Flange math models are within the Vacuum
Case FEA models. Page 11 shows the FEA models of the Conical Flanges by hiding the math
models of the Outer Cylinder, Inner Cylinder, and Support Rings.

The NASTRAN data file of the Conical Flanges is put under the directory:
/hsm/bsommer/ams/bulk/3-01, and named as "vc-hifi.dat" on May 7, 2001.

The results of the Flange model check for the KGG, KNN, KAA and Six Rigid Body Modes are
listed below. The math model has nothing to do with the A-set reduction. Therefore, the KNN
shall be same as the KAA. The results give confidence that the flange model is correct because the
underlined translation values of each matrix are less than E-05, and the underlined rotation values
of each matrix are less than E-D3. The first six modes are very close to zero and transition modes
are well separated. The more details of the output for the model check of the flanges are attached in
Appendix A. The output file of NASTRAN for the flange model check is put under the directory:
/hsm/bsommer/ams/checks/3-01, and named as "checkamsflanges.f06" on May 7, 2001.

MATRIX CHECK KGG - 6X6 SQUARE MATRIX

-8.4800D-07  5.6607D-08 -2.4359D-D8 -5.6598D-06 -71.71791D-06 -5.0772D-06
-8.7993D-08  -2.1127D-08 6.0552D-08 1.7569D-05 -1.6976D-07 -3.5314D-05
-0.6800D-04 1.2030D-08 4.6775D-07 -1.0982D-05 -1.7730D-05 7.1068D-06
-4.0676D-07 1.3530D-D5 -1.5092D-05 -4.6816D-04 9.8766D-D4 -9.4268D-05
-1.5214D-05  4.6048D-06 -8.547D-07 1.8870D-04 -7.0571D-04 1.1854D-04
-2.5233D-05  -3.5430D-05 8.8610D-06 -5.50041-05 -4.4023D-04 -5.2839D-03
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MATRIX CHECK KNN - 6 X6 SQUARE MATRIX.

+8.2943D-07 -1.2442D-07 4.4710D-D8 1.6216D-05 -3.5647D-05 4.4811D-05

6.7537D-07  2,3723D-07 6.8612D-09 2.5061D-05 -R.0928D-06 -1.4793D-D5
-3.5929D-09  -1.6223D-08 2.1329D-08 -1.0320D-D3 -1.9622D-05 1.1193D-D5
-97322D-0b  3.4268D-05 -2 1670D-D6 -8.0765D-05 -2.56490-03 -7.2146D-D4
-2.7887D-05  -1.6477D-05 -1 8767D-05 3.1161D-D3 -2.4291D-03 -2.4835D-04
7.9334D-06  -2.6788D-03 8.5138D-06 -8.3960D-n4 -5.5407D-D4 »3.5242D-03

MATRIX CHECK KAA - 6 X6 SQUARE MATRIX

-8.2943D-07 -1.2442D-07 4.4710D-08 1.6216D-05 -3.5647D-05 4.4811D-D5

6.7537D-07  2.3723D-07 6.8612D-09 2.5061D-05 -8.0928D-06 -1.4793D-05
-3.5929D-09  -1.6223D-08 2,1329D-08 -1.0320D-05 -1.9622D-05 1.1193D-05
-0.7322D-06  3.4268D-05  -2.1670D-D6 -8.0765D-05 -2.5649D-03 -1.2146D-04
-27887D-05 -1.6477D-05  -1.8767D-05 3.1161D-03 -2.4291D-03 -2.4835D-04
7.9334D-D6  -2.6788D-05 8.5138D-06 -8.3960D-04 -5.5407D-04 -3.52420-03

EIGENVALUE ANALYSIS SUMMARY (READ MODULE)

MODE EXTRA. EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO DRDER MASS STIFFNESS
1 1 7.346719E-08 2.710483E-04 4.313868E-05 1.000000E+00 7.346713E-08
2 2 1.741550E-07 4.173189E-04 6.641836E-05 1.000000E+00 1.741550E-07
3 3 2.010880E-07 4.484284E-04 7.136959E-05 1.0000DOE+00 2.01088DE-U7
4 4 2.410430B-07 4.909613E-04 7.813892E-05 1.000000E-+00 2.410430E-07
5 5 3.412148E-07 5.841159E-04 9.296812E-05 1.000000E-+00 3.41214BE-D7
6 6 3.685538E-07 6.070863E-04 9.662079E-05 " 1.0000D0E+00 3.685538E-07
7 7 7.302433E+02 2.702301E+01 4.300846E+00 1.0000DOE+00 7.302433E+02
WEIGHT SUMMARY
DIRECTION  MASS X-CG. Y-C.G. Z-C.G.
X 3.677921E+01 -4.980716E-17 3.396014E-02 -3.702117E-D2
Y 3.679269E+01 2.039517E-04 4.677T141E-17 -3.471487E-02
7 3.677921E+01 1.410616E-D4 3.396527E-02 . 7414474E-17
1(8)
9.223871E+04 -2.808297E+02 2.212755E+02
-2.808297E+02 6.513497E+04 B.145423E+02
2212755402 8.145423E+02 8.321372E+ 04
Q)
6.509564E+04
8.324427E+04
9.224748E+D4
Q
9.972480E-03 -2.595862E-02 9.996133E-01
-9.989467E-DI 4.451689E-02 1.112187E-02
-4.478838E-02 -9.986713E-01 -2.548733E-02

Total weight = 386.0886 x Mass = 14200 Ibf
The actual hardware is 14187 Ibf (ref. VC 3-01)
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4. The Loads and Constrains.

The VC FEA assembly math model is connected with the USS-02 FEA math models. The entire
AMSD2 FEA math model is constrained at the five Trunion locations.

A number of load cases under the launch and landing conditions were investigated in order to
identify the worst load cases. Based on these investigation, the worst ones were Load Cases
R1016, R1032 and R2016 under the landing cold condition.

The Load Factors for R1016, R1032 and R2016 are listed below. The Load Factors are applied at the
C.G. of the entire AMS02 math model when we run NASTRAN. The Load Factors are taken from
Table 4.1 of Page 16 in AMS02 Structural Verification Plan for STS and ISS (JSC-28792, Rev.B).
The data files of NASTRAN for these load cases are put under directory:

/hsm/swang/amsD2/nonlin/flange-new/1000, and named as "R1016.dat" on June 5, 2002,
/hsm/swang/ams02/nonlin/flange-new/1000, and named as "R1032.dat" on June §, 2002,
/hsm/swang/ams02/nonlin/flange-new/2000, and named as "R2024.dat" on June 5, 2002,

Load Case  Event Nx Ny Nz Rx Ry Rz

R1016 Liftoff 57 1.6 -5.9 -10.0 -25.0 -18.0
R1032 Liftoff 5.7 -1.6 -5.9 -10.0 -25.0 -18.D
R2016 Landing 4.5 2.0 -6.5 -20.0 -35.0 -15.0

5. The results

The maximum stresses of the elements for each of the Load Cases R1016, 1032 and 2016 are listed
below. The NASPOST was used to sort out these information from the f06 and pch data files of the
three load cases. A part of the sorted data for the three cases is attached in Appendix B. The {06
data files of NASTRAN for these load cases are put under directory:

/mhsm/swang/ams02/nonlin/flange-new/1000/6-02, and named as "R2053.pch" on June 8, 2002.
/hsm/swang/ams02/nonlin/flange-new/1000/6-02, and named as "R2020.pch” on June 8, 2002.
/mhsm/swang/ams02/nonlin/flange-new/2000/6-02, and named as "R2016.pch" on June 8, 2002.

The sorted file of NASPOST from these pch files are put under same directories above.

Load Elem.ID  Elem. Type MAX-MAX MAX-VONM MAX-MAX-SHR
Case PRIN( KST) STRESS (KSI) STRESS (KSI)
R1016 218235 Quad4-plate 28.080 27.853 14.040

R1016 212434 Quad4-plate 4.281 27.225 15.038

R1032 213623 Quad4-plate -28.711 27.740 14.355

R2016 218197 Quad4-plate 27.52 27.258. 13.379

The maximum stress on the Conical flanges is located at the intersection of the first ring and a radial
rib. The details of the geometric area with this stress level are shown on Pages 12 and 13,



Name/Date ‘ Page/Section [File Name
Prepared By SaikeWang 1/03/03 LOCKHEED MART IN NO. .11 —a Flanges
ENGINEERING & SCIENCES Drawing No.
Checked By 5-;"(-""'/‘—“/1_“"7;;& Hardware Development & Integralion Dept.
Title Conical Flanges - AMS02, SEG39135778

ot :=28711 -psi (max. tensile)
oy =27853 -psi

15 1= 15038 -psi

(max. yield )

(max. shear)

Note: The Von Mises stress distribution for each of the load caves R1016, R1032 and R2016 is
attached from Pages 8 to 10. The worst stresses 43.02KSI and 35.28 KSI on Page 8, 42.78 KSI,
34.98 KSI on Page 9, 42.53 KSI and 34.86 KSI on Page 10 are located at the top tips of the radial
ribs., which are artificially high due to the sharp corner of the tips. Therefore, they will not be used
to perform the stress analysis for the Conical Flunges.

6. The stress analysis
Conical Flanges, 2219-T62 Al. Aly. (AMS-QQ-A-250/30)
Ftu '=54000-psi FSy=1.1
Fty :=36000-psi FSu:=14
Fsu :=31000-psi
fult :=0.97
nyld :=0.97

ultimate tensile strength yield Factor of Safety

tensile yield strength ultimate Factor of Safety
shear strength
(ultimate thermal factor at 140 F)

(uield thermal factor at 140 F)

Margins of Safety

MSu = nult-Ftu
ot-FSu

Msy :=VOFY )
ay-FSy

~ Mult-Fsu
75-FSu

Ultimate 1 MS5u = 0.303 #

Yield MSy = 0.14 #

Shear MSs 1 MSs = 0.428 #
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APPENDIX A

The part of the output for checking the flange models
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APPENDIX B

The Data of the Stresses for Subcases R1016, R1032 and R2016
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### $ punch files of load cases-1000 for sorting out
### FILES '"hsm/swang/ams02/nonlin/flange-new/1000/6-02/R1016.pch’
### SELECT QUAD4-STRESSES
### SORT VAR = MAXABS [MAX-PRIN-TOP);OPT=12
## PRINT 79101113 14;
### HEADING ='MAX TOP PRIN STRESSES BASED ALL CASES";
tht# NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

218235
218197
217387
218233
217429
218199
217445
202516
217385
218231
217371
218201
217431
217447
217383

#i#
### $

1016
1015
10186
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016

1016

2.808028E+04
2.790021E+04
2.748222E+04
2.741941E+04
2.725715E+D4
2.714270E+04
2.712519E+04
2.697744E+04
2.677691E+04
2.662334E+04
2.648185E+04
2.646815E+04
2.645259E+04
2.643547E+04

2.625195E+04

2,785276E+04
2.766761E+D4
2.720316E+04
2.767168E+04
2.705957E+04
2.740313E+04
2.6B6846E+04
2.579956E+04
2.703834E+04
2.687387E+04
2.628593E+04
2.671335E+04
2.669525E+04
2.668359E+04

2.649836E+04

### SELECT QUAD4-STRESSES
### SORT VAR = MAXABS [MAX-PRIN-BOT);0PT=12
### PRINT 79101113 14;
### HEADING = '"MAX BOT PRIN STRESSES BASED ALL CASES’;
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

218235
218197
218233
218188
217429
218231
217385
218201
217387

217431

1016
1016
1016
1016
1016
1016
1016
1016
1016

1016

2.808028E+04
2.790021E+04
2.741941E+04
2.714270E+04
2.725715E+04
2.662334E+04
2.677691E+04
2.646815E+04
2.748222E+04

2.645259E+04

2.785276E+04
2.766761E+04
2.767168E+04
2.740313E+04
2.705957E+04
2.6B73B7E+D4
2.703B34E+D4
2.6571335E+404
2.720316E+04

2.669525E+04

1.4D4014E+04 2.732786E+04 2.677373E+D4 1.366393E+04

1.395011E+04 2.706154E+04 2.652661E+04 1.353077E+04

1.374111E+04
1.395862E+04
1.362857E+04
1.382817E+04

1.356260E+04

2.617061E+04
2.596044E+04
2.669504E+04
2.679734E+04

2.6D5158E+04

2,567829E+04 1.308531E+04
2,682093E+04 1.348077° °
2 615706E+04 1.3, ¢
2.664419E+04 1.33.

2.552435E+04 1.302

1.348872E+04 -1.818989E-12 1.6B3531E+D4 9.5487,

1.364620E+04
1.355879E+04
1.324093E+D4
1.34759BE+04
1.346573E+04
1.346248E+04

1.337001E+04

2.623528E+04
2.634449E+04
2.595090E+D4
2.618129E+04
2.613601E+04
2.583277E+04

2.575086E+04

2.607760E+04 1.3117t

2.617935E+04 1.317224c+04
2.542193E+D4 1.297545E+04
2.602D045E+D4 1.309065E+04
2.599915E+04 1.306801E+04
2.560388E+04 1.291538E+04

2.558964E+D4 1.287543E+04

1.4D4014E+04 2.732786E+04 2.677373E+04 1.366393E+04

1.395011E+04
1,395862E+04
1.382817E+04
1.362857E+04
1.355879E+04
1.3646205+04
1.347598E+04
1.374111E+D4

1.348573E+04

B_. (-1} ==

2.706154E+04
2.6D6044E+04
2.679734E+D4
2.669504E+04
2.634449E+04
2.623528E+04
2.618129E+04
2.617061E+04

2.613601E+04

2.652661E+04 1.353077E+04
2.682093E+04 1.34B022E+04
2.664419E+04 1.3398G7E+04
2.6157D6E+04 1.334752E+04
2.617935E+04 1.317224E+D4
2.607760E+04 1.311764E+04
2.5602046E+04 1.309065E+04
2.587829E+04 1,308531E+04

2.509915E+04 1,306801E+04



217445 1016 2.712518E+04 2.6B6846E+04 1.356260E+04 2.60515BE+04 2.552435E+04 1.30257BE+04
217371 1016 2.648185E+04 2,62B593E+04 1.324093E+04 2.595090E+04 2.542193E+04 1.297545E+04
217447 1016 2.543547E+04 2.66B359E+04 1.346248E+04 2.583277E+04 2.56938B8E+04 1.291638E+04
217383 1016 2.625185E+04 2.648936E+04 1.337001E+04 2.575086E+04 2.558964E+04 1.287543E+D4

217433 1016 2.564476E+D4 2.58934BE+04 1.306762E+04 2.551207E+04 2.535394E+04 1.275604E+04

#it# $

##H4 S

### SELECT QUAD4-STRESSES

### SORAT VAR = MAXABS [VON-MISES-TOP);DPT=12

### PRINT 791011 13 14,
### HEADING = 'MAX TOP YEILD STRESSES BASED ALL CASES';

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

218235 1016 2.80B028E+04 2.7B527GE+04 1.404014E+04 2.732786E+04 2.677373E+04 1,366393E+04
213536 1016 -1.091394E-11 2.767600E+04 1.434296E+04 -5.456968E-12 2.6B7451E+04 1.388281E+04
218233 1016 2.741941E+04 2.76716BE+04 1.395852E+04 2.696044E+D4 2.682093E+04 1.348022E-+D4
218197 1016 2.790021E+04 2.766761E+04 1.395011E+04 2.706154E+04 2.652661E+04 1.353077E+04
213623 1016 -3.637979E-12 2.748134E+04 1.420950E+04 D.0DODOOE+DD 2.766113E+04 1.431163E+04
213625 1016 -7.275958E-12 2.740965E+04 1.417285E+04 3.637979E-12 2.735323E+04 1.414066E+04
218199 1016 2.714270E+04 2.740313E+04 1.382817E+D4 2.679734E+04 2.664419E+04 1.339867E+04
213621 1016 4.126848E+02 2.737201E+04 1.378801E+04 4.479221E+D2 2.729752E+04 1.375936E+04
217387 1016 2.748222E+04 2.720316E+04 1.374111E+04 2.617061E+04 2.567829E+04 1.308531E+04
213627 1016 3.993749E+02 2.710134E+04 1.364941E+04 3.902262E+02 2.709783E+04 1.364542E+04
217429 1016 2.725715E+04 2.705857E+04 1.362857E+04 2.669504E+04 2.615706E+04 1,334752E+04
213538 1016 -1.637020E-11 2.704159E+04 1.397211E+04 -1.273203E-11 2.742826E+04 1.419931E+04
212385 1015 2.080089E+03 2.703957E+04 1.400982E+04 0.000D00E+00 1.395237E+04 7.163542E+03 » -
217385 1016 2.677691E+04 2.703834E+04 1.354620E+D4 2.623528FE+04 2.607760E+04 1.311764E+04

213540 1016 3.960877E+02 2.703616E+04 1.361602E+04 4.007606E+D2 2.708968E+04 1.364392E+04

##i ¥
##4 $

### SELECT QUAD4-STHESSES

### SORT VAR = MAXABS [VON-MISES-BOT);0PT=12

### PRINT 7910 11 13 14; . ,
###t HEADING = 'MAX BOT YEILD STRESSES BASED ALL CASES', T

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TDP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-U.. .

213956 1016 0.000000E+0D 2.475988E+04 1.295045E+04 9.094947E-12 2.834287E+04 1.487459E+04
213623 1016 -3.637979E-12 2.748134E+04 1.420950E+04 0.000000E+00 2.766113E+04 1.431153E+D4
213538 1016 -1.637090E-11 2.704159E+04 1.397211E+04 -1.273293E-11 2.742826E+04 1.419931E+04
213625 1016 -7.275958E-12 2.740965E+04 1.4172B5E+04 3.537979E-12 2.735323E+04 1.414066E+04

213621 1016 4.126848E+02 2.737201E+04 1.37B801E+04 4.479221E+02 2.729752E+04 1.375936E+04

B-111-3



212434 1016 4.281181E+03 1,051642E+04 5.990880E+D3 7.04636BE+D3 2.722458E+04 1.502752E+04
213627 1015 3.993749E+02 2.710134E+04 1.364841E+04 3.902262E+02 2.709783E+04 1.364542E+04
213540 1016 3.960877E+02 2.703616E+04 1.381602E+D4 4.007606E+02 2.708968E+04 1.364302E+04
213536 10165 -1.091394E-11 2.767600E+04 1.434296E+04 -5.456968E-12 2.687451E+D4 1.388281E+04
213534 1016 4.463118E+02 2.587626E+04 1.354832E+04 4.429713E+02 2.682457E+04 1.352165E+04
218233 1016 2.741941E+04 2.767168E+04 1.395862E+04 2.696044E+D4 2.582093E+04 1.34B022E+04
218235 1016 2.80B028E+0D4 2.785276E+04 1.404014E+04 2.73278BE+04 2.677373E+04 1.366393E+04
218199 1016 2.714270E+04 2.740313E+04 1.382817E+04 2.679734E+04 2.564419E+D4 1.330867E+04
218197 1016 2.790021E+04 2.766761E+04 1,395011E+04 2.706154E+04 2.652661E+04 1.353077E+04

218231 1016 2.662334E+04 2.6873B7E+04 1.355879E+04 2.634449E+04 2.617935E+04 1.317224E+04

#it# $

#iH#

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS [MAX-SHEAR-TOP); DPT=12

## PRINT7 51011 13 14,

### HEADING ="'MAX TOP SHEAR STRESSES BASED ALL CASES’,
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213536 1016 -1.091394E-11 2.767600E+04 1.434296E+04 -5.456968E-12 2.687451E+04 1.388281E+04
213623 1015 -3.637979E-12 2.748134E+04 1.420950E+04 0.000000E+00 2,756113E+04 1.431163E+04
213625 1016 -7.275958E-12 2.740965E+04 1.417285E+04 3.637979E-12 2.735323E+04 1.414066E+04
218235 1016 2.B0BU28E+D4 2.785276E+D4 1.404014F+04 2.732786E+04 2.677373E+D4 1.366393E+04
212385 1016 2.0BD0BYE+DI 2.703967E+04 1.400982E+04 0.000000E+D0 1.395237E+D4 7.163542E+03
212386 1016 2.202186E+03 2.692194E+04 1,397770E+04 -3.637979E-12 1.400390E+04 7.15339DE+03
213538 1016 -1,637090E-11 2.704159E+04 1.397211E+04 -1.273293E-11 2.742826E+04 1.419931E+04
218233 1016 2.741941E+04 2.76716BE+04 1.395882E+04 2.596044E+04 2.682093E+04 1.34B022E+04
218197 1016 2.790021E+04 2.766761E+04 1.395011E+04 2.706154E+04 2.652661E+04 1.353077E+D4
218109 1016 2.714270E+04 2.740313E+04 1.382817E+04 2.6579734E+04 2.664419E+04 1.339867E+D4
213621 1016 4.126848E+02 2.737201E+04 1.378801E+D4 4,479221E+02 2.729752E+04 1.375936E+04
217387 1016 2.748222E+04 2.720316E+04 1.374111E+04 2.617061E+04 2.567829E+04 1.308531E+04
212384 1016 1.466157E+03 2.6672D1E+04 1.368742E+04 -6.366463E-12 1.410959E+04 7.110545E+03
213627 1016 3.993749E+02 2.710134E+04 1.364941E+04 3.002262E+02 2,709783E+04 1.364542E+04

217385 1016 2.B77691E+04 2.703834E+04 1.364620E+04 2.62352B8E+04 2.607760E+04 1.311764E+04



Hi# S

#i#

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS [MAX-SHEAR-BOT);OPT=12
###PRINT 7910 11 13 14;

### HEADING = 'MAX BOT SHEAR STRESSES BASED ALL CASES',

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

212434 1016 4.281181E+03 1.051542E+04 5.990880E+03 7.046368E+03 2.722458E+04 1,502752E+04
213956 1016 0.0000DDE+00 2.47598BE+04 1.295045E+04 9.094947E-12 2.834287E+04 1.487459E+04
212436 1016 1.975590E+03 1.538566F+04 8.139016E+03 9.229614E+D3 2.58B557E+04 1.461770E+0D4
213623 1016 -3.637979E-12 2.748134E+04 1.420850E+04 0.000000E+00 2.766113E+04 1.431163E+04
213538 1016 -1.637090E-11 2.704159E+04 1,387211E+04 -1.273293E-11 2.742B26E+04 1.419931E+D4
213625 1D16-7.275958E-12 2.740065E+04 1.417285E+04 3.637979E-12 2.735323E+04 1.414DSSE+D4
212319 1016 4.081332E+03 9,420392E+03 5.386419E+03 6.235595E+03 2.566606E+04 1.410486E+04
212318 1016 1.689926E+03 1.444299E+04 7.606804E+03 9.345216E+03 2.485585E+04 1.408698E+04
213536 1016 -1.091304E-11 2.767600E+04 1.434295E+04 -5.456968E-12 2,687451E+D4 1,388281E+04
213621 1016 4.126B48E+02 2.737201E+04 1.378B01E+04 4.479221E+02 2.729752E+04 1.375936E+D4
218235 1016 2.BOBD28E+04 2.785276E+04 1.404014E+04 2.732786E+04 2.677373E+04 1.366393E+04
213627 1016 3.993749E+02 2.710134E+D4 1.364941E+04 3.902262E+02 2.709783E+04 1.364542E+04
213540 1016 3.960877E+02 2.703616E+04 1.361602E+04 4.007606E+02 2.70896BE+04 1.354392E+04
218197 1016 2.790021E+04 2.766761E+04 1.395011E+04 2.706154E+04 2.652661E+04 1.353077E+04

213534 10156 4.463118E+D2 2.687626E+04 1.354832E+D4 4.429713E+02 2.682457E+04 1.352166E+D4
#Hi# $
H#H## $
### SELECT QUAD4-STRESSES
### SOAT VAR = MAXABS (MIN-PRIN-TOP);,0PT=12

### PRINT 8 91012 13 14;
### HEADING = 'MAX MIN-PAIN TDP STRESSES BASED ALL CASES";

### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213536 1016 -2.868592E+04 2.767600E+D4 1.434296E+04 -2.776562E+04 2.687451E+04 1.388281E+04
213623 1016 -2.841899E+04 2.748134E+04 1.420950E+04 -2.862326E+04 2.766113E+04 1.431163E+D4
213625 1016 -2.834571E+04 2,740965E+04 1.417285E+04 -2.828132E+04 2.735323E+04 1.414066E+04
213538 1016 -2.794421E+04 2.704159E+D4 1.397211E+04 -2.839863E+04 2.742825E+04 1.419931E+04
213621 1016 -2.716333E+04 2.737201E+D4 1.378B01E+04 -2.707D80E+04 2.729752E+04 1.375986E+04
213527 1016 -2.689944E+04 2.710134E+04 1.364941E+04 -2.690061E+04 2.709783E+04 1.364542E+04
213540 1016 -2.683504E+04 2.703616E+04 1.361602E+04 -2,688708E+04 2.708968E+04 1.364392E+04
213534 1016 -2.665032E+04 2.687626E+04 1.354832E+04 -2.660034E+04 2.682457E+0D4 1.352166E+04

213633 1016 -2.640713E+04 2.556331E+04 1.320356E+D4 -2.628996E+04 2.546765E+04 1.314498BE+04

E_ ‘.‘\I--S



214043 1016 -2.639208E+04 2.516500E+04 1.319604E+04 -2.685567E+04 2.561445E+04 1.342783E+04
213546 1016 -2.627309E+04 2.547251E+04 1.313654E+04 -2.682770E+04 2.594928E+04 1.341385E+04
212385 1016 -2.593955E+04 2.703967E+04 1.400982E+04 -1.432708E+04 1.395237E+04 7.163542E+03
212384 1016 -2.590869E+04 2.667201E+04 1.368742E+04 -1.422109E+04 1.410959E+04 7.110546E+03
213347 1016 -2.590429E+04 2.459726E+04 1.295215E+04 -2.236421E+04 2.128175E+04 1.118210E+04
213956 1016 -2.590089E+04 2.475988E+04 1.295045E+04 -2.974919E+04 2.834287E+04 1.487459E+04

#H4$

HH S

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS(MIN-PRIN-BOT);0PT=12

### PRINT 8 910 12 13 14;

### HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES’;
### NCASES =15

S (e
ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-St
e
213956 1016 -2.590089E+04 2.475988E+04 1.295045E+04 -2.974919E+04 2.834287E+04 1.487459E+04 .
4 4

213623 1016 -2.841899E+04 2.748134E+04 1.420950E+04 -2.862326E+04 2.766113E+04 1.431163E+04
213538 1016 -2.794421E+04 2.704159E+04 1.397211E+04 -2.839863E+04 2.742826E+04 1.419931E+04 SR
213625 1016 -2.834571E+04 2.740965E+04 1.417285E+04 -2.828132E+04 2.735323E+04 1.414066E+04
213536 1016 -2.868592E+04 2.767600E+04 1.434296E+04 -2.776562E+04 2.687451E+04 1.388281E+04
213621 1016 -2.716333E+04 2.737201E+04 1.378801E+04 -2.707080E+04 2.729752E+04 1.375936E+04
213627 1016 -2.689944E+04 2.710134E+04 1.364941E+04 -2.690061E+04 2.709783E+04 1.364542E+04
213540 1016 -2.683594E+04 2.703616E+04 1.361602E+04 -2.688708E+04 2.708968E+04 1.364392E+04
214043 1016 -2.639208E+04 2.516500E+04 1.319604E+04 -2.685567E+04 2.561445E+04 1.342783E+04
213546 1016 -2.627309E+04 2.547251E+04 1.313654E+04 -2.682770E+04 2.594928E+04 1.341385E+04
213534 1016 -2.665032E+04 2.687626E+04 1.354832E+04 -2.660034E+04 2.682457E+04 1.352166E+04
213633 1016 -2.640713E+04 2.556931E+04 1.320356E+04 -2.628996E+04 2.546765E+04 1.314498E+04
213869 1016 -2.005221E+04 1.941305E+04 1.002610E+04 -2.620680E+04 2.508951E+04 1.310340E+04

213619 1016 -2.585886E+04 2.587234E+04 1.294290E+04 -2.567068E+(

+
,_E.jiénﬁ,";: 2oy !

213542 1016 -2.572510E+04 2.584348E+04 1.298013E+04 -2.558986E+(

### SELECT TRIA3-STRESSES o ‘ V A

### SORT VAR = MAXABS(MAX-PRIN-TOP);OPT=12 AR
### PRINT 79 10 11 13 14; ,
### HEADING = 'MAX TOP PRIN STRESSES BASED ALL CASES’; N R o

### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MA} EAR-BOT

251669 1016 2.152724E+04 4.065905E+04 2.344830E+04 2.205881C+04 4.302254E+04 2.478901E+04
251664 1016 1.961143E+04 3.808588E+04 2.194749E+04 1.894334E+04 3.527804E+04 2.035155E+04
251752 1016 1.562155E+04 1.724490E+04 9.252399E+03 1.162547E+04 1.083066E+04 5.812736E+03

251751 1016 1.368001E+04 1.533708E+04 8.290036E+03 1.025902E+04 8.958514E+03 5.129510E+03




212445 1016 1.23B096E+04 1.156776E+0D4 6.1904B1E+03 5.118414E-01 1.285463E+04 6.427444E+03
212335 1016 1.094474E+04 1.006523E+04 5.472371E+03 1.818983E-12 1.259410E+04 6.381810E+03
251740 1016 1.037187E+04 1.416869E+04 B.071791E+03 9.053170E+03 B.154529E+03 4.526585E+03
251662 1016 1.021691E+04 1.108477E+04 5.876135E+03 9.427841E+03 1,088466E+04 5.956011E+03
251761 1016 9.820149E+03 1.095962E+04 5.911439E+03 5.B65078E+03 7.349433E+03 3.876547E+D3
251738 1016 9.74312BE+03 2,02B574E+04 1.165959E+04 1.385856E+04 1.2031B8E+04 B.929282E+03
212444 1016 9.638521E+03 8.840808E+03 4.819261E+03 -6.366463E-12 1.307869E+04 5.904708E+03
251657 1016 9.216105E+03 9.724672E+03 5.081921E+03 7.976082E+03 9.743143E+03 5.429694E+03
251617 1016 9.028977E+03 9.180184E+03 4.662132E+03 7.063074E+03 8.395811E+03 4,641285E+03
212336 1016 B.54B115E+03 7.946516E+03 4.324057E+03 -6.366463E-12 1.270903E+04 6.733458E+03

251667 1016 8.407123E+03 9.833692E+03 5.406766E+03 9.739490E+03 1.088196E+04 5.872672E+03

##

#H# §

### SELECT TRIA3-STRESSES

### S0RAT VAR = MAXABS (MAX-PRIN-BOT);OPT=12

### PRINT 7 9 10 11 13 14,

### HEADING = 'MAX BOT PRIN STRESSES BASED ALL CASES';
### NCASES =15

1D SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOFP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1016 2.152724E+04 4.065905E+D4 2.344830E+04 2.205881E+04 4.302254E+04 2.478901E+04
251664 1016 1.961143E+04 3.8085B8E+04 2.194749E+04 1.894334E+04 3.527804E+04 2.035156E+04
251741 1016 -4.547474E-12 1.0768680E+04 5.792118E+03 1.548621E+04 1.446443E+04 8.243103E+03
251738 1016 9.743128E+03 2.028574E+D4 1.165959E+04 1.385856E+04 1.2031BBE+04 65.929282E+03
251739 1016 6.949184E+03 1.581232E+D4 9.048433E+03 1.235826E+04 1.071106E+04 6,179129E+03
251752 1016 1.562155E+04 1.724490E+04 9.252399E+03 1,162547E+04 1.083066E+04 5.812736E+03
212366 1016 1.379524E+03 1.94B8940E+04 1.007125E+04 1.096560E+04 2.015589E+04 1.163067E+04
251743 1016 -2.72B4B4E-12 8.150065E+03 4.542302E+03 1.092844E+04 1.020507E+04 5.464219E+03
251672 1016 7.552882E+03 9.784550E+D3 5.512265E+03 1.0B6517E+04 1.090759E+04 5.474759E+03
251751 1016 1.36B001E+04 1.533708E+04 B.290036E+03 1.025902E+04 8.958514E+03 5.129510E+03
251667 1016 8.407123E+03 9.833692F+D3 5.406766E+03 9.739490E+03 1.088196E+04 5.872672E+03
251662 1016 1.021681E+04 1,106477E+04 5.876135E+03 9.427841E+03 1.088466E+04 5.956011E+03
251740 1016 1.037187E+04 1.416869E+04 8.071791E+03 9.053170E+03 B.154529E+03 4.526585E+03
212402 1016 2.253996E+03 1.929029E+D4 1.015913E+04 8.979003E+03 2.0273B9E+04 1.1 80642E+04

212482 1016 -1.B1B989E-12 6.420508E+03 3.70167BE+03 B.017625E+03 7.178448E+03 4.008812E+03



#H# §

#HH S

### SELECT TRIA3-STRESSES

##H SORT VAR = MAXABS (VON-MISES-TOP);0PT=12

### PRINT 7910 11 13 14,

### HEADING = 'MAX TOP YEILD STRESSES BASED ALL CASES';
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251569 1016 2.152724E+04 4.065905E+04 2.344830E+04 2.205881F+04 4.302254E+04 2.478901E+04
251664 1016 1.951143E+04 3.60B58BE+04 2.194749E+04 1.894334E+04 3.527804E+D4 2.035155E+04
212380 1016 2.557925E+03 2.876376E+04 1.497865E+04 -2,7284B4E-12 1,4B6702E+04 7.653404E+03
212391 1016 2.532107E+03 2.863982E+04 1.491000E+04 -5.366463E-12 1.469940E+04 7.615104E+03
212388 1016 1.200140E+03 2,7B8674E+04 1.423372E+04 5.588119E+02 1.527037E+04 7.771054E+D3
212419 1016 1.042869E+03 2.763643E+04 1.407155E+04 3.969501E+02 1.517214E+04 7.683362E+03
212418 1016 3.224873E+03 2.576001E+04 1.411315E+404 7.479249E+02 1.590713E+04 B.133952E+03
212392 1016 1.905B94E+03 2.529247E+04 1.359678E+04 6.873593E+02 1.505795E+04 7.694931E+03
212390 1016 1.621365E+03 2,614656E+04 1.345976E+04 3.637979E-12 1.311176E+04 7.167041E+03
241244 1016 2.259063E+03 2.611506E+04 1.358561E+04 -5.456968FE-12 1.293814E+04 7.387851E+03
212416 1016 2.909237E+03 2.569702E+04 1.351392E+04 -1,027729E-10 1,545219E+04 7.73783BE+03
212351 1016 1.479244E+03 2.452005E+04 1.281767E+D4 6.093932E+02 1.515104E+04 7.723272E+D3
241241 1016 3.150803E+03 2.452352E+04 1.297332E+D4 -2.728484E-12 1.351489E+04 7.601640E+03
212417 1016 2.528271E+03 2.441361E+04 1.27B96BE+04 -5.456968E-12 1,4B9460E+04 7.641561E+03
212378 1016 1.723488E+03 2.140561E+04 1.110762E+04 -2.7284B4E-12 1.001328E+04 5.048743E+03

B S

HH4 S

#it# SELECT TRIA3-STRESSES

### SORAT VAR = MAXABS[VON-MISES-BOT);OPT=12

### PRINT 7 910 11 13 14;
###t HEADING ='MAX BOT YEILD STRESSES BASED ALL CASES’;

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1016 2.152724E+04 4.065905E+04 2.344B30E+04 2.2058B1E+04 4.302254E+04 2.47B901E+04
251664 10156 1.951143E+04 3.80858BE+04 2.194749E+04 1.804334E+04 3.527804E+04 2.035155E+04
212447 1016 2.837878E+03 1.558B53E+04 B.406254E+D3 7.001342E+03 2.521151E+D4 1.398610E+04
212321 1016 2.702548E+03 1.508091E+04 B.124729E+03 7.252473E+03 2.460547E+04 1.370829E+04
212433 1016 3.610898E+03 1.515726E+04 B.323421E+03 7.187528E+03 2.336548E+04 1.305744E+04
200547 1016 3.030725E+02 1.442213E+04 7.285637E+03 3.242072E+03 2.189983E+04 1,167007E+04
212323 1016 3.432991E+03 1.414884E+04 7.774723E+03 65.137034E+03 2.098881E+04 1.168715E+04
212431 1016 -1.728040E-11 1.363715E+D4 6.870278E+03 5.072049E+03 2.050974E+D4 1.14300DE+04
212325 1016 6,331713E+02 1.21B585E+04 6.245047E+03 4.880067F+03 2.036860E+04 1.11826BE+04

200545 1015 2.881841E+03 1.247408E+04 6.8313B9E+03 8.803069E+02 2.030156E+04 1.035375E+04
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212402
212366
200511
212432
212352

### §
4 3

1016 2.253996E+03 1.929029E+04 1.015913E+04 8.979003E+03 2.027389E+04 1.160542E+04

1016 1.379524E+D3 1.948940E+04 1.007125E+04 1.096560E+04 2.015589E+04 1.163087E+D4

1016 4.228778E+02 1.303549E+04 6.620892E+03 2.643114E+03 2.00882B8E+04 1.063950E+04

1016 3.120562E+03 1.375223E+04 7.522182E+03 3.348238E+03 1.927277E+04 1.036375E+04

1016 4.178947E+03 1.711654E+D4 9.409517E+03 2.856592E+03 1.896854E+04 1.011741E+04

##t# SELECT TRIA3-STRESSES
### SORT VAR = MAXABS [MAX-SHEAR-TOP);0OPT=12
### PRINT 7 910 11 13 14;
### HEADING ="MAX TOP SHEAR STRESSES BASED ALL CASES’,
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
212389
212391
212388
212418
212419
212392
241244
212416
212390
241241
212361
212417
251738

##t §
#it# $

1016 2.152724E+04 4.065905E+04 2.344830E+04 2.205881E+04 4.302254E+04 2.478901E+D4

1016
1016
1016
1016
10186
1018
1016
1016
1016
1016
1016
1018
1016

1016

1.961143E+04
2.5657926E+03
2.532107E+03
1.200140E+03
3.224873E+D3
1.042B69E+03
1.905894E+03
2.25B063E+03
2.909237E+03
1.621366E+03
3.1508D3E+03
1.479244E+03
2.528271E+03

9.743128E+03

3.80B5B8E+04
2.876376E+04
2.863982E+04
2.7B8674E+04
2.676001E+04
2.763643E+04
2.629247E+04
2.611506E+04
2.569702E+D4
2,614656E+04
2.452352E+04
2.432905E+04
2.441361E+04

2.028574E+04

### SELECT TRIA3-STRESSES
#it# SORT VAR = MAXABS (MAX-SHEAR-BOT); OPT=12
### PRINT 7910 11 13 14;
### HEADING ='MAX BOT SHEAR STRESSES BASED ALL CASES);

### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
212447

212321

2.194749E+04 1.894334E+D4 3.527804E+04 2.035155E+04
1.497865E+04 -2.728484E-12 1.4B6702E+04 7.653404E+03
1.491090E+04 -6.366463E-12 1.469940E+04 7.615104E+03
1.423372E404 5.588119E402 1.527037E+04 7.771084E+03
1.411315E+04 7.479249E+02 1.590713E+04 8.133952E+03
1.407155E+04 3.969501E+02 1.517214E+D4 7.683362E+03
1.359678E+04 B5.873593E+02 1.505795E+04 7.694931E+03
1.358561E+04 -5.456968E-12 1.293814E+04 7.387851E+03
1.351392E+04 -1,.027729E-10 1.546219E+04 7.737638E+03
1.345976E+04 3.637979E-12 1.311176E+04 7.167041E+03
1.297332E+04 -2.728484E-12 1.3514B9E+04 7.601640E+03
1.281787E+04 6.093932E+02 1.515104E+04 7.723272E+03
1.27896BE+04 -5.45696BE-12 1.489468E+04 7.641561E+03

1.165959E+04 1.385856E+04 1.203188E+04 5929282E+03

1016 2.152724E+04 4.065905E+04 2.34483DE+04 2.205881E+04 4.302254E+04 2.478901E+04

1016 1.961143E+04 3.808588E+04 2.194749E+04 1.894334E+04 3.527804E+04 2.035155E+04

1016 2.837878E+03 1.558853E+04 B.406254E+03 7.001342E+03 2.521151E+04 1.398610E+04

1016 2.702548BE+03 1.508091E+04 B8.124729E+03 7.252473E+03 2.460547E+04 1.370829E+04
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212433 1016 3.610B88E+03 1.516726E+04 8.323421E+03 7.187528E+03 2.336548E+04 1,305744E+04

212323 1016 3.432991E+03 1.4148B4E+04 7.774723E+03 6.137034E+03 2.098881E+04 1,168715E+04

200547 1016 3.030725E+02 1.442213E+04 7.285837E+03 3.242072E+03 2,189983E+04 1.167007E+04

212366 1016 1.379524E+03 1.948940E+04 1.007125E+04 1.096560E+04 2.015589E+04 1.163067E+04

212402 1016 2.253996E+D3 1.929029E+04 1.015913E+04 B.979003E+03 2.027389E+04 1.160642E+04

212431 1016 -1.728040E-11 1.363715E+04 6.870278E+03 6.072048E+03 2.050974E+04 1.143009E+04

212325 1016 B.331713E+02 1.218585E+04 6.245047E+03 4.880067E+03 2,036860E+04 1.118268E+04

200511 1016 4.228778E+02 1.303549E+04 5.620892E+03 2.543114E+03 2.008828E+04 1.063850E+04

212432 1015 3.120562E+03 1.375223E+D4 7.522182E+03 3.34823BE+03 1.927277E+04 1.035375E+04

200545 1016 2.881841E+03 1.247408E+04 6.831389E+03 8.803069E+02 2.030166E+04 1.035375E+04

251549 1016 7.759663E+03 1.738967E+04 9.959289E+03 7.945378E+03 1.803381E+04 1.032108E+04
FYTE

### S

### SELECT TRIA3-STRESSES

### SORT VAR = MAXABS MIN-PRIN-TOP);OPT=12

### PRINT 8910 12 13 14;

### HEADING = 'MAX MIN-PRIN TOP STRESSES BASED ALL CASES’;

##H# NCASES =15
ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BDT MAX-SHEAR-BOT

212389
212391
212388
212419
251669
212390
212392
212418
241244
251664
212361
212418
212417
241241

212378

1016 -2.739935E+04
1016 -2.728969E+04
1016 -2.726729E+04
1016 -2.710024E+04
1016 -2.536936E+04
1016 -2.528815E+04
10156 -2.528767E+04
1016 -2.500144E+04
1016 -2.491215E+04
1016 -2.428355E+04
1016 -2.415649E+04
1016 -2.411859E+04
1016 -2.305109E+04
1016 -2.279584E+04

1016 -2.049176E+04

2.876376E+04 1.497865E+04 -1.530681E+04
2.863982E+04 1,491080E+04 -1,523021E+04
2.78B674E+D4 1.423372E+04 -1.498330E+04
2.763643E+04 1.407155E+04 -1.496977E+04
4.065905E+D4 2.344830E+04 -2.751920E+04
2.614656E+04 1.345976E+04 -1.433408E+04
2.629247E+D4 1.359678E+D4 -1.470250E+D4
2.676001E+04 1.411315E+04 -1.551998E+04
2.611506E+04 1.358561E+04 -1.477570E+04
3.808580E+04 2.194749E+04 -2.175976E+04
2.492905E+04 1.281787E+04 -1.4B3715E+04
2.569702E+04 1.351392E+04 -1.54752BE+04
2.441361E+04 1.27896BE+04 -1.528312E+04
2.452352E+04 1.297332E+04 -1.520328E+04

2.140561E+04 1,110762E+04 -1.009745E+04

1.4B6702E+04 7.653404E+03
1.469940E+04 7.515104E+03
1.527037E+04 7.771054E+03
1.517214E+04 7.683362E+03
4.302254E+04 2.47B9D1E+04
1.311176E+04 7.167041E+03
1.505795E+04 7.694931E+03
1.590713E+04 8.133952E+03
1.293814E+04 7.387851E+03
3.527804E+04 2.035155E+04
1.515104E+D4 7.723272E+03
1.546219E+04 7.737638E+03
1.4B9458E+04 7.641561E+03
1.351489E+04 7.601640E+03

1.00132BE+04 5.048743E+03



#h#t $

i §

### SELECT TRIA3-STRESSES

### SORT VAR = MAXABS (MIN-PRIN-BOT);0OPT=12

### PRINT 891012 13 14;

### HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES',;

#it# NCASES =15
ID SUBCASE MIN-PRIN-TOP VON-MISES-TDP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1016 -2.536936E+04 4.065D05E+04 2.344830E+04 -2.751920E+04 4.302254E+04 2.47890‘1 E+04
251664 1016 -2.428355E+04 3.80858BE+04 2.194740E+04 -2.175976E+04 3.527804E+04 2.035155E+04
212447 1016 -1.397463E+04 1.558B53E+04 8.406254E+03 -2.097087E+04 2.521151E+04 1.398610E+04
212321 1016 -1.354691E+04 1.508091E+04 8.124729E+03 -2.016410E+04 2.460547E+04 1.370529E+D4
200547 1016 -1.426820E+04 1.442213E+D4 7.285637E+03 -2.009807E+D4 2.1B99BIE+04 1,167007E+04
200545 1016 -1.078094E+04 1.247408E+04 5.831389E+03 -1.984719E+04 2.030166E+D4 1.036375E+04
212433 1016 -1.303594E+04 1.516726E+04 B.323421E+03 -1.892734E+04 2.336548E+D4 1.305744E+04
200511 1016 -1.281891E+04 1.303549E+04 6.520892E+03 -1.863589E+04 2.008828E+04 1.063950E+04
212298 1016 -3.631505E+03 B8.569759E+03 4.893786E+03 -1.782963E+04 1.648365E+04 B.914B15E+DS
212325 1015 -1.185692E+04 1.218585E+04 6.245047E+03 -1.748530E+04 2.036860E+04 1.118283E+04
212432 1016 -1.1923B0E+04 1.375223E+04 7.522182E+03 -1.737927E+04 1.927277E+04 1.036375E+0D4
212352 1016 -1.454009E+04 1.711654E+04 9.409517E+03 -1.737823E+04 1.896854E+04 1.011741E+04
241247 1016 -1.613167E+04 1.995498E+04 1.115731E+04 -1.732086E+04 1.765088E+04 B.981668E+03
212323 1016 -1.211645E+04 1.414884E+04 7.774723E+03 -1.723726E+04 2.098981E+04 1.168715E+04

200510 1016 -1.006146E+04 1.126243E+04 6.083196E+03 -1.704952E+04 1.756989E+04 9.023852E+03

#i# $

#HEXIT
*** NORAMAL EXIT: EXIT
END OF JOB
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### 3 punch files of load cases-1000 for sprting out
##t FILES hsm/swang/ams02/nonlin/flange-new/1000/6-02/RA1032.pch’
### SELECT QUAD4-STRESSES
#H SORT VAR = MAXABS [MAX-PRIN-TOP);DPT=12
### PRINT7 910 11 13 14;
### HEADING = 'MAX TOP PRIN STRESSES BASED ALL CASES';

### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

218235
202516
218197
217387
218233
217429
218199
217445
217385
218231
218201
217447
217431
217383
217371

#H $
#Hi# §

1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032

1032

4]

2.714983E+04 2.593070E+04 1.357491E+04 2.643457E+04 2.590183E+D4 1.321728E+04

2.704516E+04 2.594872E+04 1.35225BE+04 -1.818989E-12 1.741B91E+04

9.871914E+03

2.695424E+04 2.673060E+04 1.347712E+04 2.515844E+04 2.564381E+04 1.307922E+04

2.661109E+04

2.634108E+04

2.656575E+04 2.680963E+04

2.630843E+04

2.62680DE+04

2.611872E404

2.652004E+D4

1.330554E+04
1.352352E+04
1.315421E+04

1.338255E+D4

2.624918BE+04 2.6000B6E-+04 1.312459E+04

2.596722E+04

2.584855E+04

2.622090E+04

2.608811E+04

1.323372E+04

1.316254E+04

2.565633E+04 2.589352E+04 1.306218E+04

2.561733E+04

2.559640E+04

2.585766E+04

2.583087E+04

1032 2.549719E+04 2.573708E+04

1032

2.548488E+04

2.529784E+04

### SELECT QUAD4-STRESSES
##4# SORT VAR = MAXABS (MAX-PRIN-BOT); OPT=12
### PRINT 7910 11 13 14;
### HEADING = 'MAX BOT PRIN STRESSES BASED ALL CASES’;

### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BDT

218235
218197
218233
218198
217429
218231
217385
218201
217387

217431

1.304574E+04
1.302956E+04
1.298522E+04

1.274244E+04

2.535418E+D4

2.488060E+D04

1.267709E+04

2.614065E+04 2.600459E+04 1.307032E+04

2.577932E+04
2.595519E+04
2.522426E+04
2.54B569E+04
2.558558E+04
2.539045E+04
2.505826E+D4
2.530822E+D4
2.502643E+04

2.499343E+04

1032 2.714983E+04 2.6893070E+04 1.357491E+04 2.643457E+04

1032
1032
1032
1032
1032
1032
1032
1032

1032

2.695424E+04
2.666575E+04
2.625800E+04
2.630843E+04
2.584655E+04
2.506722E+04
2.565633E+04
2.661108E+04

2.559640E+04

2.673060E+04
2.680963E+04
2.652004E+04
2.611872E+04
2.508911E+04
2.622090E+04
2.589352E+04
2.63410BE+04

2.583087E+04

1.347712E+04
1.352352E+04
1.338255E+04
1.315421E+04
1.316254E+04
1.323372E+04
1.306218E+04
1.330554E+04

1.302956E+04

2.615844E+04
2.614065E+04
2.595519E+04
2.577932E+D4
2.558558E+04
2.546669E+04
2.53D0045E+04
2.535418E+04

2.530822E+04

2.526195E+04
2.580592E+04
2.471696E+04
2.531279E+04
2.542629E+04
2.523502E+04
2.492270E+04
2.517487E+04
2.487023E+04

2.448473E+04

2.590183E+04
2.5643B1E+04
2.600459E+04
2.580592E+04
2.526195E+04
2.542629E+04
2.531279E+04
2.523502E+04
2.48B060E+04

2.5174B7E+D4

17N I B S b

1.288966E+04
1.297759E+04
1.261213E+04
1 .27333;1E+04
1.279278E+04
1.269522E+04
1.252913E+04
1.265411E+04
1.251322E+04

1.249671E+04

1.321728E+04
1.307922E+04
1.307032E+04
1.297759E+04
1.288966E+04
1.279279E+04
1.273334E+04
1,269522E+04
1.267709E+04

1.265411E+04



217445 1032 2.624918E+04 2.600086E+04 1.312459E+04 2.522426E+04 2.471696E+D4 1.261213E+D4
217447 1032 2.561733E+D4 2.585766E+04 1.304574E+04 2.505826E+04 2.492270E+04 1.252913E+04
217383 1032 2.549719E+04 2.573708E+04 1.298522E+04 2,502643E+04 2.487023E+04 1.251322E+D4
217371 1032 2.54B488E+04 2,529784E+04 1.274244E+04 2.499343E+04 2.448473E+04 1.249571E+04

217433 1032 2.487872E+04 2.511966E+04 1.267693E+04 2.475845E+04 2.460605E+04 1.237922E+04

#Hi#

#Hi $

##H SELECT QUAD4-STRESSES

#i#t# SORT VAR = MAXABS [VON-MISES-TOP);OPT=12

### PRINT791D11 13 14,

### HEADING = 'MAX TOP YEILD STRESSES BASED ALL CASES';
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213623 1032 -3.537979E-12 2.753950E+04 1.423739E+04 0.000000E+00 2.774496E+04 1.435529E+04
213625 1032 0.000000E+00 2.751739E+04 1.422914E+04 -1,818988E-12 2,740006E+04 1.416231E+04
213536 1032 -1.091394E-11 2.745702E+04 1.422929E+04 -3.637979E-12 2.669577E+04 1.379328E+04
213621 1032 4.195762E+02 2.741620E+04 1.381179E+04 4.432895E+02 2.736072E+04 1.378984E+04
213627 1032 3.969700E+02 2.719180E+04 1.369411E+04 3.928329E+02 2.7167B3E+04 1.366106E+04
212385 1032 2.0868730E+03 2.695011E+D4 1.397186E+04 -5.456968E-12 1,.390398E+04 7.143375E+03
218235 1032 2.714983E+04 2.693070E+04 1.357491E+04 2.543457E+04 2.590183E+04 1.321728E+04
213538 1032 -1.818989E-12 2.68B553E+04 1.389458E+04 -1.455192E-11 2.720200E+04 1.408168E+04
213540 1032 3.916184E+02 2.686584E+04 1.352976E+04 4.016896E+02 2.689787E+D4 1.354823E+04
218233 1032 2.656575E+04 2.6B0963E+04 1.352352E+04 2.614065E+04 2.600459E+04 1.307032E+04
218197 1032 2.695424E+04 2.673060E+04 1.347712E+04 2.615844E+D4 2.584381E+04 1.307922E+04
212386 1032 2.202001E+03 2.672684E+04 1,3879B6E+04 -1.818989E-12 1.391085E+04 7.109672E+03
213534 1032 4.404158E+02 2.667040E+04 1.344613E+04 4,345726E+02 2.663956E+04 1.342710E+04
212384 1032 1.490648E+03 2.665802E+04 1.36B603E+04 4.547474E-12 1.407985E+04 7.103392E+03

218189 1032 2.626800E+04 2.652004E+04 1.338255E+04 2.595519E+04 2.580592E+04 1.297759E+04

S

##H# S

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS (VON-MISES-BOT);0PT=12
##EPRINT 7910 11 13 14;

### HEADING = 'MAX BOT YEILD STRESSES BASED ALL CASES’;
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213623 1032 3.637979E-12 2.753950E+04 1.423739E+04 0.000000E+00 2.774496E+04 1.436529E+D4
213956 1032 -9.094947E-12 2.4349B81E+04 1.275182E+04 -5.034947E-12 2,772438E+04 1.456636E+04
212434 1032 4.398824E+03 1.060165E+04 6.046492E+03 6.956686E+03 2.746930E+04 1.513941E+04

213625 1032 0.000000E+00 2.751739E+04 1.422914E+04 -1.8189B9E-12 2.740006E+04 1.416231E+04



213621 1032 4.195762E+02 2.741620E+04 1.381179E+04 4.432B95E+02 2.736072E+04 1.378984E+04
213538 1032 -1.818989E-12 2.6BB553E+04 1.38945BE+04 -1.455192E-11 2.720200E+04 1.40816BE+04
213627 1032 3.96970DE+D2 2.719190E+04 1.369411E+04 3.928329E+02 2.716763E+D4 1.368105E+D4
213540 1032 3.915184E+02 2.5B6584E+04 1,352976E+04 4.016896E+02 2.6807B7E+04 1.354B23E+04
213536 1032 -1.091394E-11 2.745702E+04 1.422929E+04 -3.537979E-12 2.669577E+04 1.379326E+04
213534 1032 4.494158E+02 2.667040E+04 1.344513E+04 4.345726E+02 2,663956E+04 1,34271DE+04
212436 1032 2.053428E+03 1.545436E+04 B,1B9208E+03 9.284405E+03 2.618914E+04 1.478325E+04
218233 1032 2,656575E+04 2.680963E+04 1.352352E+04 2.614065E+04 2.600459E+04 1,307032E+04
200542 1032 1.613406E+03 1.256028E+04 6.644511E+03 6.583767E+02 2,508620E+04 1.315457E+04
218235 1032 2.714983E+04 2,693070E+04 1,357491E+04 2.643457E+04 2.590183E+04 1.32172BE+04
218199 1032 2.62B800E+04 2.652004E+04 1.338255E+04 2.595519E+04 2.580592E+04 1.297759E+04

#HH S

#HHS

### SELECT QUAD4-STRESSES

### SOAT VAR = MAXABS [MAX-SHEAR-TDP);OPT=12

## PRINT 7510 11 13 14;
#i## HEADING ='MAX TOP SHEAR STRESSES BASED ALL CASES';

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213623 1032 -3.637979E-12 2,753950E+04 1.423739E+04 0.000000E+DD 2.774496E+04 1,435629E+04
213536 1032 -1.091394E-11 2.745702E+04 1.422928E+04 -3.637979E-12 2,669577E+04 1.379326E+04
213625 1032 0.000000E+00 2.751739E+04 1,422914E+04 -1.818989E-12 2.740006E+04 1.416231E+04
212385 1032 2.0BB730E+03 2.696011E+04 1.397186E+04 -5.456968E-12 1,.390398E+04 7.143375E+03
213538 1032 -1.818989E-12 2.68B553E+04 1.38945BE+04 -1.455192E-11 2.720200E+04 1,408168E+04
212386 1032 2.202001E+03 2.672684E+04 1.387986E+04 -1.818989E-12 1.3910B5E+04 7.109672E+03
213621 1032 4.195762E+D2 2.741620E+04 1.381179E+04 4.432B95E+02 2.736072E+04 1.3789B4E+04
213627 1032 3.969700E+02 2.719190E+04 1.369411E+04 3.92B329E+02 2715783E+04 1.35810BE+04
212384 1032 1.4D0B48E+03 2.665802E+04 1.36B603E+04 4.547474E-12 1.407985E+04 7.103392E+03
212413 1032 2.658544E+03 2.609200E+04 1.365975E+04 2.167478E+02 1,465037E+04 7.378773E+03
218235 1032 2.714883E+04 2.693070E+04 1.357491E+04 2,643457E+04 2.590183E+04 1.32172BE+04
213540 1032 3.916184E+02 2.686584E+04 1.352976E+04 4.016836E+02 2.689787E+04 1.354B23E+04
218233 1032 2.656575E+04 2.680963E+04 1.352352E+04 2.614065E+D4 2.600459E+04 1.307032E+04
202516 1032 2.704516E+04 2.534872E+04 1.352258E+04 -1.818988E-12 1.741891E+04 9.871914E+03

201022 1032 2.897974E+D3 2.570876E+04 1.35174BE+04 5.147027E+02 1.428528E+04 7.267839E+03

#H$

#i#t# $

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS (MAX-SHEAR-BOT);DPT=12

#H# PRINT791011 13 14;

### HEADING = 'MAX BOT SHEAR STRESSES BASED ALL CASES’,
### NCASES =15

Bo Ll -4



. ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

212434 1032 4.398824E+03 1.060155E+04 6.046492E+03 6.9566B6E+03 2.746930E+04 1.513941E+D4
212436 1032 2.053428E+03 1.545436E+04 8.1B920BE+03 9.284405E+D3 2.61B914E+0D4 1.478325E+04
213956 1032 -9.094947E-12 2.434981E+04 1.275182E+04 -0.094947E-12 2.772438E+04 1.456636E+04
213623 1032 -3.637979E-12 2.753950E+04 1.423739E+04 0.000000E+00 2.774496E+D4 1.435529E+04
213625 1032 D.000000E+00 2.751739E+04 1.422914E+04 -1.B1B9BOE-12 2.740006E+04 1.416231E+04
213538 1032 -1.81B989E-12 2.688553E+04 1.389458E+04 -1.455192E-11 2.720200E+04 1.408168E+04
212319 1032 3.969437E+03 9.232653E+03 5.276766E+03 6.261976E+03 2.518594E+04 1.386308E+04
212318 1032 1.622441E+03 1.421505E+04 7.478834E+03 9.218712E+03 2.433953E+04 1.380113E+04
213536 1032 -1.091394E-11 2.745702E+04 1.422929E+04 -3.637979E-12 2.669577E+04 1.379326E+04
213621 1032 4.195762E+02 2.741620E+04 1.381178E+04 4.432095E+02 2.736072E+04 1.378984E+04
213627 1032 3.969700E+D2 2.719190E+04 1.369411E+04 3.928320E+02 2.716783E+D4 1.368105E+04
213540 1032 3.9161B4E+02 2.6B6584E+04 1,352976E+04 4.016895E+02 2.689787E+04 1.354823E+04
212435 1032 9.048127E+03 1.136314E+04 6.376628E+03 4.603931E+03 2.502098E+04 1.350161E+04
213534 1032 4.494158E+02 2.667040E+04 1.344813E+04 4.345726E+02 2.663956E+04 1.342710E+04

213546 1032 1.81B9BOE-12 2.53669BE+04 1.30B595E+04 5.45896BE-12 2.575B32E+04 1.331424E+04

#H# $
. #Hit# §
### SELECT QUAD4-STRESSES
### SORT VAR = MAXABS [MIN-PRIN-TOP);OPT=12

### PRINT 891012 13 14;
### HEADING ="MAX MIN-PRIN TOP STRESSES BASED ALL CASES';

### NCASES =15
ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213623 1032 -2.84747BE+04 2.753950E+04 1.423739E+04 -2.871058E+404 2.7744D6E+04 1.43552DE+04
213536 1032 -2.845B59E+04 2.745702E+04 1.422929E+D4 -2,758652E+04 2.669577E+04 1.37932BE+04
213625 1032 -2.84582BE+04 2.751739E+04 1.422914E+04 -2.832462E+04 2.740006E+04 1.416231E+04
213538 1032 -2.778917E+04 2.6588553E+04 1.389458E+04 -2.816337E+04 2.720200E+04 1.40816BE+04
213621 1032 -2.720400E+04 2.741820E+04 1.381179E+04 -2.713638E+04 2.736072E+04 1.378934E+04
213627 1032 -2.699124E+04 2.719190E+04 1.369411E+D4 -2,696928E+04 2.716783E+04 1.368106E+D4
213540 1032 -2.665789E+04 2.6B6584E+D4 1.352076E+04 -2.669478E+04 2.6897B7E+04 1.354823E+04
213633 1032 -2.653648E+04 2.569272E+04 1.326824E+04 -2.633245E+04 2.551508E+04 1.316623E+04
213534 1032 -2.644285E+04 2.667040E+04 1.344613E+04 -2.641962E+04 2.663956E+04 1.342710E+04
213347 1032 -2.643135E+04 2.512455E+04 1.321567E+04 -2,299073E+04 2.190375E+04 1.149536E+04
213546 1032 -2.617190E+04 2.5366098E+04 1,30B595E+04 -2.662847E+04 2.575832E+04 1.331424E+04
213619 1032 -2.590319E+04 2.591531E+04 1.296371E+D4 -2.569445E+04 2.575143E+04 1.290408E+04
. 212384 1032 -2.588142E+04 2,665802E+04 1.36B603E+04 -1.420678E+04 1.407985E+04 7.103392E+03

214043 1032 -2.58782BE+04 2.465665E+04 1.293914E+04 -2.552247E+04 2.432711E+04 1.276124E+04

B_ ‘nl.lﬂ—‘S



212385

#iH# S
#i# §

1032 -2.585499E+04 2.696011E+04 1.3971B6E+04 -1.428675E+04 1.390398E+04 7.143375E+D3

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS [MIN-PRIN-BOT); OPT=12

### PRINT 891012 13 14;
### HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES;
### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213858
213623
213625
213538
213536
213621
213627
213540
213546
213534
213633
213869
213619

2135629

1032 -2.550365E+04
1032 -2.847478E+04
1032 -2.845828E+04
1032 -2.778917E+04
1032 -2.845850E+04
1032 -2.720400E+04
1032 -2.699124E+04
1032 -2.666789E+04
1032 -2.617190E+04
1032 -2.644285E+04
1032 -2.653648E+04
1032 -1.919504E+04
1032 -2.580319E+04

1032 -2.568613E+04

2.434981E+04

2.753950E+04 1.423735E+04 -2.871058E+04 2,774496E+04

2.751739E+04

1.422914E+04 -2.832462E+04 2.740006E+04

2.688553E+04 1.389458E+04 -2.816337E+04 2.720200E+04

2.745702E+04 1.422029E+04 -2.758652E+D4 2.669577E+04

2.741620E+04
2.719190E+04

2.685584E+04

1.381179E+D4 -2.713638E+04 2.735072E+04
1.369411E+04 -2.696928E+04 2.716783E+04

1,352976E+04 -2.669478E+04 2.6B9787E+04

2.536698E+04 1.30B505E+04 -2.662847E+04 2.575832E+04

2.667040E+D4
2.560272E+04

1.856572E+04

1.344613E+04 -2.641962E+04 2.663956E+04
1.326824E+04 -2.633245E+04 2.55150BE+04

9.597521E+03 -2.5B0519E+04 2.467340E+04

2.591531E+04 1.296371E+04 -2.569445E+04 2.575149E+04

2.5799B8E+D4

1.2956D7E+04 -2.567924E+04 2.580194E+04

1.275182E+04 -2.913273E+04 2.772438E+04 1.456636E+04

1.435520E+04
1.416231E+04
1.40816BE+04
1.379326E+04
1.378984E+04
1.368106E+04
1.354823E+04
1.331424E+04
1.342710E+04
1.316623E+04
1.290259E+04
1.290408E+04
1.296145E+04

1.315457E+04

200542 1032 -1.167562E+04 1.256028E+04 6.644511E+03 -2.565076E+04 2.59B8620E+04

#i $

### SELECT TRIA3-STRESSES

#it# SORT VAR = MAXABS [MAX-PRIN-TOP);OPT=12

### PRINT 79 10 11 13 14;

### HEADING = "MAX TOP PRIN STRESSES BASED ALL CASES’;
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1032 2.141053E+04 4.047449E+04 2.334135E+04 2.193426E+04 4.278199E+04 2.465037E+04
251664 1032 1.945020E+04 3.784049E+04 2.180488E+04 1.877685E+04 3.498808E+04 2.01B403E+04
251752 1032 1.433960E+04 1.574033E+04 8.420899E+03 1.074760E+04 1.005031E+04 5.3737989E+03
251751 1032 1.256315E+04 1.397530E+04 7.526403E+03 9.481747E+03 B.296854E+03 4,740873E+03
212445 1032 1.234025E+04 1.151750E+04 6.170124E+03 -1.000444E-11 1.3039304E+04 6.57219BE+03
251761 1032 1.159232E+D4 1.293420E+04 6.975747E+03 8.440592E+03 8.899129E+03 4.647952E+03
. 212335 1032 1.096296E+04 1.007987E+04 5.481478E+03 0.000000E+00 1.221161E+04 6.173121E+03

251662 1032 1.024501E+04 1.108530E+04 5.884B79E+03 9.226745E+03 1.068145E+04 5.850831E+03



. 251762 1032 9.966429E+03 1.0B4B11E+04 5.777342E+03 6.953409E+03 6.606037E+03 3.476705E+03
212444 1032 9.60B979E+03 8.833032E+03 4.B04490E+03 -5.4569568E-12 1.332827E+04 7.043276E+03
251740 1032 9.5B3099E+03 1.281854E+04 7.280398E+03 8.390715E+03 7.469081E+03 4.195358E+03
251700 1032 9.297447E+03 1.316344E+04 7.531191E+03 -9.094947E-13 1.123131E+04 6.422359E+03
261657 1032 9.293411E+03 9.745133E+03 5.070715E+03 7.746986E+03 9.509693E+03 5.306554E+03
251738 1032 9.130210E+03 1.824583E+04 1.050437E+04 1.252281E+04 1,090103E+04 6.261407E+03
251705 1032 8.973377E+03 9.385385E+03 4,875507E+03 -6.366463E-12 8.759086E+03 5.050141E+03
#H#
#HH S
### SELECT TRIA3-STRESSES
### SORT VAR = MAXABS (MAX-PRIN-BOT),OPT=12
### PRINT 7910 11 13 14,
### HEADING = 'MAX BOT PRIN STRESSES BASED ALL CASES",
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1032 2.141053E+04 4.047449E+04 2.334135E+04 2.193426E+04 4.278199E+04 2.465037E+04
251664 1032 1.945020E+04 3.784040E+04 2.1804B8E+04 1.877885E+04 3.498B0SE+04 2.018403E+0D4
251741 1032 -4.547474E-12 9.295861E+03 4.992BB7E+03 1.442744E+04 1.272698E+0D4 7.213721‘E+03
251738 1032 9.130210E+D3 1.824593E+04 1.050437E+04 1.252281E+04 1.090103E+04 6.261407E+03
251739 1032 5.531085E+03 1.413105E+04 8.107632E+03 1.108211E+04 D,500203E+03 5.541056E+03
. 251752 1032 1.433960E+04 1.574033E+04 B.420699E+03 1.074760E+04 1.005031E+04 5.373789E+03

251672 1032 7.807927E+D3 9.935164E+03 5.591511E+03 1.072190E+04 1.082609E+04 5.463672E+03
212366 1032 1.369417E+03 1.920535E+04 9.926701E+03 1.069948E+04 1.969218E+04 1.136283E+04
251667 1032 B.521527E+03 9.955088E+03 5.471095E+03 9.633522E+03 1.079756E+04 5.835515E+03
251751 1032 1.256315E+04 1.397530E+D4 7.526403E+03 9.481747E+03 B.295864E+03 4.740873E+03
251759 1032 -4.547474E-13 6.415833E+03 3.505887E+03 9.354017E+03 8.198577E+03 4.677009E+03
251743 1032 -2.7284B84E-12 6.924790E+03 3.866432E+03 9.314B48E+03 8.6952B8BE+03 4.657424E+03
251662 1032 1.024501E+04 1.108530E+04 5.884879E+03 9.226745E+03 1.068145E+04 5.850831E+03
212402 1032 2.274628E+03 1.936780E+04 1.020234E+04 9.159088E+03 2.056319E+04 1,177556E+04
251761 1032 1.158232E+04 1.293429E+04 6.975747E+03 8.440592E+03 8.899129E+03 4.647952E+03

HH S

#H# $

### SELECT TRIA3-STRESSES

### SORT VAR = MAXABS (VON-MISES-TOP);OPT=12

### PRINT 7910 11 13 14;

### HEADING = 'MAX TOP YEILLD STRESSES BASED ALL CASES';

### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BDT

251669 1032 2,141053E+04 4.047449E+04 2.334135E+04 2.193426E+04 4.278199E+04 2.465037E+04
. 251664 1032 1.945020E+04 3.784049E+04 2.18048BE+D4 1.B77685E+04 3.498808E+04 2.018403E+04

212389 1032 2.567964E+03 2.86296BE+D4 1.49135BE+04 -2.728484E-12 1.479996E+04 7.621215E+03

Bl =17



212391
212388
212419
212418
241244
212390
212392
212416
212361
212417
241241
212378

#HE S
#HH S

1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032

1032

2.523405E+03
1.233902E+03
1.098962E+03
3.258926E+03
2.284763E+03
1.627801E+03
1.904005E+03
2.953508E+03
1.460951E+03
2.548825E+03
3.143771E+03

1.725012E+03

2.847482E+04
2.792896E+04
2.771148E+04
2.690996E+04
2.614180E+04
2.601223E+04
2.599890E+04
2.585842E+04
2.461931E+04
2.452714E+04
2.426434E+04

2.129568E+04

#i#t# SELECT TRIA3-STRESSES
### SORT VAR = MAXABS [VON-MISES-BOT);0PT=12
#HH# PRINT 7 81011 13 14;
### HEADING ='MAX BOT YEILD STRESSES BASED ALL CASES";
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251689
251664
212447
212321
212433
200547
212431
212323
212402
200545
212325
200511
212366
212432
212362

#H $
#ih $

1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032

1032

2.141053E+04

4.047449E+04

1.482627E+04 -1.81B989E-12 1.462036E+04 7.578914E+03
1.426273E+04 5.213427E+02 1.527350E+04 7.763749E+03
1.412231E+04 3.588252E+02 1.518037E+04 7.67830DE+03
1.419551E+04 7.716002E+02 1.605596E+04 B.213923E+03
1.360459E+04 -7.275858E-12 1.294897E+04 7.397194E+03
1.339395E+04 -1,818989E-12 1.304913E+04 7.134933E+03
1.344920E+04 5.5391660E+02 1.4B9297E+04 7.605807E+03
1.360418E+04 6.0893615E-11 1.558735E+04 7.7987B1E+03
1.265863E+04 5.84D205E+02 1.498331E+04 7.633392E+03
1.285101E+04 D.000000E+0D 1.501997E+04 7.705077E+03
1,284150E+04 -1,818989E-12 1,338266E+04 7.528344E+D3

1.105286E+04 0.000DD0E+00 9.970435E+03 5.029446E+03

2.334135E+04 2.193425E+04 4.278199E+04 2.465037E+04

1.945020E+04 3.784049E+04 2.180488E+04 1.877685E+04 3.498808E+04 2.018403E+04

2.955018E+D3
2.589815E+03
3.702215E+03
3.602765E+02
3.893201E+01
3.3566B9E+03
2.274628E+03
2.81B664E+03
4.215073E+02
3.752124E+02
1.369417E+03
3.206388E+03

4.122527E+03

1.563633E+04
1.488006E+04
1.527784E+04
1.447046E+04
1.372726E+04
1.388450E+D4
1.936780E+04
1.252703E+04
1.183746E+04
1.280524E+D4
1.920535E+04
1.380807E+04

1.690B04E+04

### SELECT TRIA3-STRESSES
#i## SORAT VAR = MAXABS [MAX-SHEAR-TOP);0PT=12
### PRINT 791011 13 14,

B.451500E+03 7.041594E+D3 2.556953E+04 1.417624E+04

8.002482E+03 7.156775E+03 2.403147E+04 1.339843E+04

8.394367E+03 7.014845E+03 2.339389E+04 1.304937E+04

7.323616E+D3 3.161033E+03 2.200245E+04 1.17080DE+D4

6.873593E+03 5.787042E+03 2.073804E+04 1.150B843E+04

7.627559E+03 6.221865E+03 2.073797E+04 1.156833E+04

1.020234E+04 9,159088E+03 2.056319E+04 1.177SESE+04

6.848115E+03 9.427290E+02 2.032587E+04 1.039041E+04

6.071316E+03 5.086059E+03 1.991399E+04 1.098190E+04

6.494360E+03 2.694233E+03 1.979655E+04 1.0502B4E+04

9.926701E+03 1.069948E+04 1.969218E+04 1.136283E+04

7.5645B8BE+03 3.2353D8E+03 1.948718E+04 1.044107E+04

9.294034E+03 2,758409E+03 1.871801E+D4 9.972579E+03
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### HEADING ='MAX TOP SHEAR STRESSES BASED ALL CASES,
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
212389
212391
212388
212418
212419
241244
212416
212392
212390
212417
241241
212381
212415

#itt §
#is §

1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032

1032

2.141053E+04
1.945020E+04
2.567964E+03
2.523405E+03
1.233802E+403
3.258926E+03
1.098952E+03
2.284763E+03
2.953508E+03
1.904005E+03
1.627801E403
2.548825E+03
3.143771E+03
1.460951E+D3

5.020788E+03

4.047449E+04 2.334135E+04 2.193426E+04 4.278199E+04 2.46503VE+04

3.784049E+04 2.1B04BBE+04 1.8776B5E+04 3.498808E+04 2.018403E+04

2.862968E+04 1,491358E+04 -2.728484E-12 1.479996E+04 7.621215E+03

2.847482E+0D4 1.482627E+04 -1,818989E-12 1.462036E+04 7.578914E+03

2,792895E+04 1.426273E+04 5.213427E+02 1.527350E+04 7.763748E+03

2.690996E+04 1.419551E+04 7.716002E+02 1.605596E+04 8,213923E+03

2.77114BE+04 1.412231E+D4 3.588252E+02 1.518037E+04 7.678300E+D3

2.614180E+04

1,360459E+04 -7.275958E-12 1.294897E+04 7.397184E+403

2.585B42E+D4 1.35041BE+04 6.093615E-11 1.558735E+04 7.798781E+03

2.599890E+04
2.601223E+D4

2.452714E+04

1,344928E+04 6.591660E+02 1.489297E+04 7.605807E+03

1.339395E+04 -1.818909E-12 1.304913E+04 7.134033E+03

1.2851D1E+04 0.D00000E+00 1.501997E+04 7.705077E+03

2.428434E+04 1.284150E+04 -1,818989E-12 1.338266E+04 7.528344E+03

2.461931E+04

2.066854E+04

### SELECT TRIA3-STRESSES
### SORT VAR = MAXABS [MAX-SHEAR-BOT),0PT=12
### PRINT 791011 13 14,
### HEADING = 'MAX BOT SHEAR STRESSES BASED ALL CASES
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
212447
212321
212433
212402
200547
212323
212431
212366
212325

200511

1032
1032
1032
1032
1032
1032
1032
1032
1032
1032
1032

1032

2.141053E+04
1.845020E+04
2.8955018E+403
2.589815E+03
3.702215E+03
2.274528E+03
3.602765E+02
3.356689E+03
3.983201E+01
1.369417E+03
4.215073E+02

3.752124E+02

4.047449E+04
3.7B84049E+D4
1.563633E+04
1.4B8D0GE+D4
1.5627784E+04
1.9367B0E+D4
1.447046E+04
1.388450E+04
1,372726E+04
1.920535E+D4
1.193746E+04

1.2B0524E+04

1.265B63E+04 5,840205E+02 1.498331E+04 7.633392E+03

1.135819E+04 2.487680E+03 1.717929E+04 9.143753E+03

2.334135E404 2.193426E+04 4,27B199E+04 2.465037E+04

2.1804B88E+04
8.451500E+03
B8.002482E+03
8.394367E+03
1.020234E+04
7.323616E+03
7.627559E+03
6.873593E+03
9.926701E+03
6.071316E+D3

B6.494360E+03
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1.877685E+04 3.498B08E+04 2.018403E+04

7.041594E+03
7.156775E+03

7.014845E+03

2,556953E+04
2.403147E+04

2.339389E+04

1.417624E+04
1.339843E+04

1.304937E+04

9.15908BBE+03 2.056319E+04 1.177566E+04

3.161D33E+03
6.221865E+03
5.787042E+03
1.069948E+04
5.086059E+03

2.694233E+03

2.200245E+04
2.073797E+04
2.073804E+04
1.96921BE+04
1.991399E+04

1.979655E+04

1.170600E+04
1.156833E+04
1.150843E+04
1.136283E+04
1.098190E+04

1.050284E+04



212432 1D32 3.2063BBE+03 1.380807E+04 7.5645B8BE+03 3.235308E+03 1.946718E+04 1.044107E+04
. 200545 1032 2.818664E+03 1.252703E+04 6.848115E+03 9.427290E+02 2.032587E+0D4 1.039041E+04

251549 1032 7.707940E+03 1.726216E+04 9.886619E+03 7.923595E+03 1.8014B9E+04 1.030930E+04

#HHt

#iH S

### SELECT TRIA3-5TRESSES

##H# SORT VAR = MAXABS MIN-PRIN-TOP);DPT=12

### PRINT 8 91012 13 14;

### HEADING = 'MAX MIN-PRIN TOP STRESSES BASED ALL CASES',

### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

212388 1032 -2.729156E+04 2.792896E+04 1.426273E+04 -1.500616E+04 1.527350E+04 7.763749E+03
212389 1032 -2.725919E+04 2.86296BE+04 1.491358E+04 -1.524243E+04 1.479996E+0D4 7.621215E+03
212419 1032 -2.714565E+04 2.77114BE+04 1,412231E+04 -1.499778E+04 1.518037E+04 7.678300E+03
212381 1032 -2.7128914E+04 2.847482E+04 1.482627E+04 -1.515783E+04 1.462036E+04 7.578914E+03
251669 1032 -2.527218E+04 4.047449E+04 2.334135E+04 -2.736648E+D4 4.278199E+04 2.465037E+04
212390 1032 -2.516011E+04 2,601223E+04 1.339395E+04 -1.426987E+04 1.304913E+04 7.134933E+03
212418 1032 -2.513209E+04 2.690996E+04 1.419551E+04 -1.565625E+04 1.605596E+04 8.213923E+03
212392 1032 -2.499455E+04 2.599890E+04 1.344928E+04 -1.455245E+04 1.4892097E+04 7.605807E+03
241244 1032 -2.492443E+04 2.614180E+04 1.360459E+04 -1.479439E+04 1.294807E+04 7.397194E+03
. 212416 1032 -2.425485E+04 2,585842E+04 1.36041BE+04 -1.559756E+04 1.558735E+04 7.798781E+03

251664 1032 -2.415955E+04 3.784D49E+04 2.18048BE+04 -2.159121E+04 3.49BB0BE+04 2.018403E+04
212361 1032 -2.385630E+04 2.461931E+04 1,265863E+04 -1,468276E+04 1.498331E+04 7.633392E+03
212417 1032 -2.315320E+04 2.452714E+04 1.285101E+04 -1,.541015E+04 1.501997E+04 7.705077E+03
241241 1032 -2.253922E+04 2.426434E+04 1.284150E+04 -1.505669E+04 1.338266E+04 7.528344E+03
212378 1032 -2.03B071E+04 2.12956BE+04 1,1052B8E+04 -1.005889E+04 9.970435E+03 5.029446E+03

#H 5

#H# $

### SELECT TRIA3-8TRESSES

### SORT VAR = MAXABS (MIN-PRIN-BOT);OPT=12

#H## PRINTB 9 1012 13 14;
##it HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES’;

### NCASES =15
ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 1032 -2.527218E+04 4.047449E+04 2.334135E+04 -2.736648E+04 4.278199E+04 2.465037E+04
251664 1032 -2.415955E+04 3.784049E+04 2,1804BBE+04 -2,159121E+04 3,498808E+04 2.018403E+04
212447 1032 -1.394798E+04 1.563633E+04 B8.451500E+03 -2.1310B9E+04 2.556953E+04 1.417624E+04
200547 1032 -1.428696E+04 1.447046E+04 7.323616E+03 -2.025096E+04 2.200245E+04 1.170600E+04
200545 1032 -1.087757E+D4 1.252703E+04 6.84B115E+03 -1.983810E+04 2.032587E+04 1.039D41E+04
. 212321 1032 -1.341515E+04 1.488006E+04 8.0024B2E+03 -1.964008E+04 2.403147E+04 1.339843E+D4

212433 1032 -1.308652E+04 1.527784E+04 8.394367E+03 -1.908390E+04 2.339389E+04 1.304937E+04
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. 200511

1032 -1.261351E+04 1.280524E+04 5.494360E+03 -1.831145E+04 1.979655E+04

212432 1032 -1.192279E+04 1.380807E+04 7.564588E+03 -1.764684E+.04 1.84671BE+04
241247 1032 -1.617414E+04 2,005379E+04 1.121905E+04 -1.760868E+04 1.793662E+04
212431 1032 -1.370725E+04 1.372726E+04 6.873593E+03 -1.722082E+04 2.073B04E+04
200546 1032 -1.236483E+04 1.247498E+04 §.291142E+03 -1.720075E+04 1.719550E+04
212352 1032 -1.446554E+04 1.690B04E+04 9.294034E+03 -1.718675E+04 1.871901E+04
251702 1032 -4.606285E+03 9.896682E+03 5.680117E+03 -1.714828E+04 1.486272E+04
212323 1032 -1.189843E+04 1.388450E+D4 7.627559E+03 -1.691479E+04 2,073797E+04
#itt §
#H EXIT
*** NDRMAL EXIT: EXIT
END OF JOB

1.0502B4E+04
1.044107E+04
9.123744E+03
1.150843E+04
8.600373E+03
9.972579E+03
8.574142E+03

1,156833E+04



### $ punch files of load cases-2000 for sorting out

### FILES '’hsm/swang/ams02/nonlin/flange-new/2000/6-02/R2016.pch’
#H SELECT QUAD4-STRESSES
##4# SORT VAR = MAXABS [MAX-PRIN-TOP);0PT=12
### PRINT 791011 1314,
### HEADING = 'MAX TOP PRIN STRESSES BASED ALL CASES",
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

218235
218197
217387
218233
202516
218199
217429
217445
217385
218231
218201
217371
217447
217431
217383

##H#
## 5

2016 2.763490E+04 2.741366E+04 1.381745E+04 2.691980E+04 2,637333E+04 1.345990E+04

2016
2016
2016
2016
2016
2016
2016
20186
2016
2016
2016
2016
2016

2016

2.751718E+04
2.71191BE+04
2.701060E+04
2.696324E+04
2.679120E+04
2.678B19E+04
2.671295E+04
2.643703E+04
2.622B41E+04
2.616520E+04
2.608896E+04
2.606273E+04
2.601835E+04

2.595524E+04

2.728G80E+04
2.684234E+04
2.725776E+04
2.579836E+04
2.7D4908E+04
2.659586E+04
2.5463B63E+04
2.669620E+04
2.647615E+04
2.640646E+04
2.589541E+04
2.6305B2E+04
2.625608E+04

2.619859E+04

### SELECT QUAD4-STRESSES
### SORAT VAR = MAXABS(MAX-PRIN-BOT);0PT=12
### PRINT 79 10 11 13 14;
### HEADING = 'MAX BOT PRIN STRESSES BASED ALL CASES';
### NCASES =15

1.375858E+04 2.668000E+04
1.355959E+04 2.581027E+04
1.37431BE+04 2,655B90E+04
1.348162E+04 -8.084D047E-12
1.364989E+04 2.646407E+04
1.339410E+04 2.6256G60E+04
1.335647E+04 2.56860BE+04
1.347401E+04 2.591701E+04
1.335856E+04 2.596809E+04
1.332084E+04 2.587674E+04
1.304448E+04 2.556025E+04
1.327117E+04 2.546977E+04
1.324376E+04 2.570694E+04

1.321768E+04 2.545587E+04

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-

218235
218197
218233
218199
217429
218231
217385
218201

217387

2016 2.763490E+04 2.741356E+04 1.381745E+04 2.691980E+04

2016
2016
2015
2016
20186
2016
2016

2016

2.751716E+04
2.701060E+04
2.679120E+04
2.678B19E+04
2.622841E+04
2.643703E+04
2.616520E+D4

2.711918E+04

2.728680E+04
2.725776E+04
2.704908E+04
2.659586E+04
2.647815E+D4
2.669620E+04
2.640646E+04

2.684234E+04

1.375858E+04 2.668000E+0D4
1.374918BE+04 2.655850E+04
1.3649B9E+04 2.646407E+04
1.339410E+04 2.625660E+04
1.335856E+04 2.556808E+04
1.347401E+D4 2.591701E+04
1.332064E+04 2.587674E+D4

1.355959E+04 2.581027E+04
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2.615562E+04 1.334000E+04
2.532899E+04 1.290513E+04
2.842231E+04 1.327945E+04
1,651018E+04 9.369169E+03
2.631144E404 1.323203E+04
2.572668E+04 1.312830E+04
2.516511E+04 1.284304E+04
2.575964E+04 1.295850E+04
2.580430E+04 1.208404E+04
2.571910E+04 1.203837E+04
2.504095E+04 1.278012E404
2.533373E+04 1.273480E+04
2.557300E+04 1.285347E+04

2.529773E+04 1.272793E+04

PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

2.637333E+04 1.34589DE+04
2.615562E+04 1.334000E+04
2.642231E+04 1.327845E+04
2.631144E+04 1.323203E+04
2.57266BE+04 1.31283DE+04
2.580439E+04 1.298404E+04
2.575964E+04 1.29585DE+04
2.571910E+04 1.293837E+04

2.532899E+04 1.290513E+04



217431 2016 2.6018B35E+04 2.625608E+04 1.324376E+04 2.570694E+04 2.557309E+04 1.2B5347E+04
217445 2016 2.671295E+04 2.846353E+D4 1.335647E+D4 2.56860BE+04 2.516511E+04 1.284304E+04
217371 2016 2.60BB9GE+04 2.589541E+04 1.304448E+04 2.556025E+04 2.504095E+04 1.27B012E+04
217447 2016 2.606273E+04 2.630582E+04 1.327117E+04 2.546977E+04 2.533373E+D4 1.27348DE+04
217383 2016 2.505524E+04 2.619859E+04 1.32176BE+04 2.545587E+04 2.529773E+04 1.272793E+04

217433 2016 2.522633E+04 2.54719BE+04 1.285535E+04 2.510885E+04 2.495245E+04 1.255443E+04

#H S

#i $

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS [VON-MISES-TOP);0PT=12

### PRINT7 91011 13 14;
### HEADING ='MAX TOP YEILD STRESSES BASED ALL CASES"

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213536 2016 -1.091394E-11 2.748974E+04 1.424787E+04 7.275958E-12 2.668065E+04 1.378325E+04
218235 2016 2.763490F+04 2.741366E+04 1.381745E+04 2.691980E+04 2.637333E+04 1,345990DE+0D4
218197 2016 2.751716E+04 2.72B6B0E+04 1.375858E+04 2.668000E+04 2.615562E+04 1.33400DE+0D4
218233 2016 2.701060E+04 2.725776E+04 1.374918E+04 2.655890E+04 2.642231E+04 1.327945E+04
213623 2016 -1.91B989E-12 2.724306E+04 1.408B14E+04 -1.81B389E-12 2,742597E+04 1.41912B8E+04
213625 2016 -3.637979E-12 2.716700E+04 1.404863E+04 9.094947E-12 2,712295E+04 1.402321E+04
213621 2016 4.094272E+02 2.714617E+04 1.367429E+04 4.463752E+02 2.70720BE+D4 1.35462:5E+D4
218189 2016 2.679120E+04 2.704908E+04 1.364989E+D4 2.646407E+04 2.631144E+04 1.3232D3E+04
213627 2016 3.978477E+02 2.686201E+04 1.352936E+04 3.880148E+02 2.686425E+04 1.35280BE+04
213538 2016 -1.637090E-11 2.684687E+04 1.387218E+04 -3.637979E-12 2.724167E+04 1.410419E+0D4
213540 2016 3.949935E+02 2.684357E+04 1.351944E+04 3.987875E+02 2.6B9B44E+D4 1.3547B1E+04
217387 2016 2.711918E+04 2.684234E+04 1.355959E+04 2.581027E+04 2.532899E+04 1.290513E+D4
212385 2016 2.088583E+03 2.676200E+04 1.387255E+04 -2.7284B4E-12 1.380591E+04 7.097622E+03
213534 2016 4.434163E+02 2.669706E+04 1.345B00E+04 4.425624E+02 2.663B51E+04 1.342852E+04

217385 2016 2.643703E+04 2.669620E+04 1.347401E+04 2.591701E+04 2.575964E+04 1.295850E+04

##4 $

#44

### SELECT QUAD4-STRESSES

### SORT VAR = MAXABS (VON-MISES-BOT);DPT=12

### PRINT 7910 11 13 14;

#4# HEADING ='MAX BOT YEILD STRESSES BASED ALL CASES"
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOF MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213956 2016 1.8189B9E-12 2.375919E+04 1.241557E+04 -1.818949E~11 2.79406BE+04 1.465445E+04
213623 2016-1.818989E-12 2.724396E+D4 1.408814E+04 -1.818989E-12 2.742597E+04 1.419128E+04
213538 2016 -1.637090E-11 2.684687E+04 1.387218E+04 -3.637979E-12 2.724167E+04 1.410419E+D4

213625 2016 -3.837979E-12 2.716700E+04 1.404863E+0D4 9.094947E-12 2.712295E+04 1.402321E+04
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213621 2016 4.094272E+02 2.714617E+04 1.367429E+04 4.463752E+02 2.70720BE+04 1.364625E+04
213540 2016 3.049935E+02 2.584357E+04 1.351944E+04 3,987875E+02 2.689844E+04 1.354781E+04
212434 2016 4.066078E+03 1.04253BE+04 5.922B64E+03 7.127410E+03 2.687819E+04 1.486177E+04
213527 2016 3.978477E+02 2.686201E+04 1.352936E+04 3.88014BE+02 2.686425E+04 1.35280BE+04
213536 2016 -1.091394E-11 2.748974E+04 1.424787E+04 7.275958E-12 2.668065E+04 1.378325E+04
213534 2016 4.434163E+02 2.569706E+D4 1.345800E+04 4,425624E+02 2.663851F+04 1.342852E+04
218233 2016 2.701060E+04 2.725776E+04 1.37491BE+D4 2.655890E+04 2.642231E+04 1.327945E+04
218235 2016 2.763490E+04 2.741366E+04 1.381745E+04 2.691980E+D4 2.637333E+04 1.345990E+04
218199 2015 2.679120E+04 2.704908E+04 1.364989E+04 2.646407E+04 2.631144E+04 1.323203E+D4
218107 2016 2.751716E+04 2.728680E+04 1.375858E+04 2.668000E+04 2.615562E+04 1.334000E+04

218231 2016 2.622841E+04 2.647615E+04 1.335856E+04 2,596809E+04 2.5B0439E+04 1.298404E+04

#iH §

#iH# §

### SELECT QUAD4-STRESSES

#it SORT VAR = MAXABS [MAX-SHEAR-TOP);0PT=12

### PRINT 791011 13 14,

### HEADING = 'MAX TOP SHEAR STRESSES BASED ALL CASES';
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213536 2016 -1.091394E-11 2.748974E+04 1.424787E+04 7.27595BE-12 2.86B065E+04 1.378325E+04
213623 2016 -1.81B989E-12 2.724396E+04 1.40BB814E+D4 -1.818980E-12 2.742597E+04 1.41912BE+04
213625 2016 -3.637979E-12 2.716700E+04 1.404863E+04 D.094947E-12 2,712295E+04 1.402321E+04
212385 2016 2.08B583E+03 2.576200E+04 1.387255E+04 -2.728484E-12 1.380591E+04 7.097622E+03
213538 2016 -1.637090E-11 2.6B46B7E+04 1.387218E+04 -3.637979E-12 2.724167E+04 1.410419E+04
212386 2016 2.211601E+03 2.655356E+04 1.384523E+04 0.000000E+00 1.385907E+04 7.089157E+03
218235 2016 2.763490E+04 2.741366E+04 1.381745E+04 2.6919B0E+04 2.637333E+04 1.3459§0E+D4
218197 2016 2.751716E+04 2.728680E+04 1.37585BE+04 2.66B00DE+04 2.615562E+0D4 1.334000E+04
218233 2015 2.701060E+04 2,725776E+04 1.374918E+04 2.655890E+04 2.542231E+04 1.327945E+04
213621 2016 4.094272E+02 2.714617E+04 1.367429E+04 4.463752E+02 2.70720BE+04 1.364625E+04
218199 2015 2.679120E+04 2.704908E+04 1.364989E+04 2.646407E+04 2.631144E+04 1.323203E+04
217387 2016 2.711918E+04 2.684234E+D4 1.355959E+04 2.581027E+04 2.532899E+04 1.280513E+D4
212384 2016 1.477014E+03 2.639181E+04 1.354965E+04 4.547474E-12 1,395640E+04 7.045094E+03
213627 2016 3.978477E+D2 2.686201E+04 1.352036E+04 3.880148E+02 2.6B6425E+04 1.352808E+04

213540 2016 3.949935E+02 2.684357E+04 1,351944E+04 3.987875E+02 2.689844E+04 1.354781E+04
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### 8

#it# §

#i## SELECT QUAD4-STRESSES

### SORT VAR = MAXABS [MAX-SHEAR-BOT);0PT=12

##H PRINT 791011 13 14;

### HEADING = 'MAX BOT SHEAR STRESSES BASED ALL CASES';
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

212434 2016 4.06607BE+03 1.042538E+04 5.922864E+03 7.127410E+03 2.6687819E+04 1.4B6177E+04
213956 2016 1.818989E-12 2.375919E+04 1.241557E+04 -1.818989E-11 2,79406BE+04 1,465445E+04
212436 2016 1.B698BSE+03 1.529783E+04 B8.073411E+03 9.128501E+03 2.547283E+04 1.43B964E+04
213623 2016 -1.818989E-12 2.724396E+04 1.408814E+04 -1.81B989E-12 2.742597E+04 1.419128E+04
213538 2016-1.637090E-11 2.684687E+04 1.38721BE+04 -3.637979E-12 2.724167E+04 1.410419E+04
213625 2016 -3.637979E-12 2.716700E+04 1.404863E+04 9.094947E-12 2.712295E+04 1.402321E+04
212319 2016 3.963014E+03 9.358308E+03 5.343880E+03 6.222329E+03 2.542634E+04 1.397995E+04
212318 2016 1.643364E+03 1.436740E+04 7.559210E+03 9.251372E+03 2.459985E+04 1.394213E+04
213536 2016 -1.091394E-11 2.748974E+04 1.424787E+04 7.275958E-12 2.668065E+D4 1.378325E+04
213621 2016 4.0894272E+02 2.714G17E+D4 1.3657429E+04 4.463752E+02 2.707208E+04 1.354625E+D4
213540 2016 3.949935E+02 2.584357E+04 1.351944E+04 3.987875E+02 2.689844E+04 1.354781E+04
213627 2016 3.978477E+02 2.6B6201E+04 1.352936E+04 3.880148E+02 2.686425E+04 1.352808E+D4
218235 2016 2.763490E+D4 2.741366E+D4 1.381745E+04 2.6919B0E+04 2.637333E+04 1.345990DE+04
213534 2016 4.434163E+02 2.6697D5E+04 1.345800E+04 4.425624E+02 2.663851E+04 1.342852E+04
218197 2016 2.751716E+04 2.728680E+04 1.375858E+04 2.66B000E+04 2.615562E+04 1,33400DE+04

#it |

#H S

### SELECT QUAD4-5TRESSES

##H# SDAT VAR = MAXABS |MIN-PRIN-TDP);OPT=12

### PRINT B 91012 13 14,

### HEADING ='MAX MIN-PRIN TDP STRESSES BASED ALL CASES",

### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213536 2016 -2.849573E+D4 2.74B974E+04 1.4247B7E+04 -2.756650E+04 2.66B065E+04 1.378326E+04
213623 2016 -2.817628E+04 2.724396E+04 1.408814E+D4 -2,838257E+04 2,742597E+04 1.419128E+04
213625 2016 -2.B09726E+04 2.716700E+04 1.404863E+04 -2.804641E+04 2.712295E+04 1.402321E+04
213538 2016 -2.774436E+04 2.6B4687E+04 1.387218E+04 -2.82D837E+04 2.724167E+04 1.410419E+04
213621 2016 -2.693914E+04 2.714617E+04 1.367429E+04 -2,684613E+04 2.707208E+04 1.384625E+04
213627 2016 -2.66608BE+D4 2.686201E+04 1.352936E+04 -2.666814E+04 2.686425E+04 1.352808E+04
213540 2016 -2.564389E+04 2.684357E+04 1.351944E+04 -2.669683E+04 2.68D844E+04 1.354781E+04
213534 2016 -2.647259E+04 2.669706E+04 1,345800E+04 -2.641447E+04 2.663B51E+04 1.342852E+D4
213633 2016 -2.615269E+04 2.532112E+04 1.307634E+04 -2,605798E+04 2.523950E+04 1.302899E+04

213545 2016 -2,606509E+04 2.526968E+04 1.303255E+04 -2.662803E+04 2.575356E+04 1.331401E+04
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212385 2016 -2.565652E+04 2.676200E+04 1.387255E+04 -1.419524E+04 1.380591E+04 7.097622E+03

213619 2016 -2.564288E+04 2.565694E+04 1.283548E+.04 -2.546117E+04 2.551571E+404 1.278495E+04

212384 2016 -2.562229E+04 2.639181E+04 1.354985E+04 -1.409019E+04 1,395640E+04 7.045094E+03

213542 2016 -2.553967E+04 2.565686E+0D4 1.2B8623E+04 -2.538764E+04 2.551985E+04 1.282017E+04

213347 2016 -2.553050E+04 2.425006E+04 1.276525E+04 -2.148356E+04 2.044870E+04 1.074178E+04

#ith $
#4485

### SELECT QUAD4-STRESSES
### SORT VAR = MAXABS [MIN-PRIN-BOT);0PT=12
### PRINT B9 10 12 13 14;
### HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES"
### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

213956
213623
213538
213625
213536
213621
213540
213627
2135486
213534
214043
213869
213633
213619
213542

#iH §

#i $
#i## §

2016 -2.483115E+04 2.375919E+04 1.241557E+04 -2.930889E+04 2.79406BE+04 1,465445E+04

2016 -2.817628E+04
2016 -2.774436E+04
2016 -2.809726E+04
2016 -2.849573E+04
2016 -2.693914E+04
2016 -2.664389E+04
2016 -2.666088E+04
2016 -2.606509E+04
2016 -2.647259E+04
2016 -2.492817E+04
2016 -1.991619E+04
2016 -2.615259E+04
2016 -2.56428BE+04

2016 -2.553967E+04

2.724396E+04
2.684687E+04
2.716700E+04
2.748974E+04
2.714617E+04
2.684357E+04
2.686201E+04
2.526968E+04
2.669706E+04
2.378175E+04
1.929931E+04
2.532112E+04
2.565694E+04

2.565686E+04

##H# SELECT TRIA3-STRESSES
### SORT VAR = MAXABS (MAX-PRIN-TOP);0PT=12
#H# PRINT7 9101113 14;
### HEADING ='MAX TOP PRIN STRESSES BASED ALL CASES’;
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
251752
251751

212445

1.408B14E+04 -2.838257E+04 2.742597E+04 1.419128E+04

1.387218E+04 -2.820B37E+04
1.4D4863E+04 -2.804841E+04
1.424787E+04 -2.756650E+04
1.367429E+04 -2.684513E+04
1.351944E+04 -2.669683E+04

1.352936E+04 -2.666814E+-04

2.724167E+04
2.712295E+04
2.668065E+0D4
2.707208E+D4
2.6B9B44E+04

2.686425E+D4

1.410419E+04
1.402321E+04
1.378325E+04
1.364625E+04
1.354781E+04

1.352808E+04

1.303255E+04 -2.662803E+04 2.575356E+04 1.331401E+04

1.345800E+D4 -2.641447E4+04

2.663851E+04

1.342852E+04

1.246408E+04 -2.632270E+D4 2.511450E+04 1.316135E+04

9.9580896E+03 -2.630699E+04
1.307634E+04 -2.605798E+04
1.283548E+04 -2.546117E+04

1.288623E+04 -2.530764E+04

2.518936E+04
2.523950E+04
2.551571E+04

2.551985E+04

1.315350E+04
1.302899E+04
1.27B495E+04

1,282D17E+04

2016 2.127274E+04 4.023993E+04 2.320572E+04 2.178766E+04 4.253108E+04 2.450516E+0D4

2016 1.93388BBE+04 3.759225E+04 2.166240E+04 1.868584E+04 3.485512E+04 2.0106B8E+04

2016 1.468255E+04 1.622190E+04 8.707177E+03 1.081132E+04 1.006214E+04 5.4D5661E+03

2016 1.281685E+04 1.438099E+04 7.775119E+03 9.514256E+03 8.297155E+03 4.757128E+03

2016 1.216468E+04 1.137717E+04 6.082339E+03 6.837048E+01 1.273593E+04 6.384990E+03



212335 2016 1.076523E+04 9.899425E+03 5.382613E+03 -1.000444E-11 1.254814E+04 5.360B70E+03
251662 2016 1.010443E+04 1.095697E+04 5.823098E+03 9.383253E+03 1,084016E+04 5.933115E+03
251740 2016 9.673267E+03 1.32860BE+04 7.574400E+03 B.352872E+03 7.576576E+03 4.176436E+03
212444 2016 9.617621E+03 B.B63419E+03 4.808811E+03 -5.456968E-12 1.294901E+04 6.833763E+03
251738 2016 9.142590E+03 1.906877E+04 1.09532BE+D4 1.290620E+04 1.120644E+04 6.453101E+03
251657 2016 9.142393E+03 8.655716E+03 5.04B890E-+03 7.889427E+03 9.756B55E+03 5.436843E+03
251713 2016 8.723035E+03 B.764001E+03 4.402201E+03 -9.094947E-13 8.054327E+03 4.5636611E+03
212336 2016 B.620047E+03 7.954742E+03 4.310024E+03 5.094947E-13 1.2672B4E+04 6.71741BE+03
251617 2016 8.5843B5E+03 8.794024E+03 4.494825E+03 B.564234E+03 7.947365E+03 4.417916E+03

251667 2016 8.319388E+03 9.744900E+03 5.360621E+03 9.650189E+03 1.079186E+04 5.828474E+03

#iH# S

#i#t# §

### SELECT TRIA3-STRESSES

### SOAT VAR = MAXABS [MAX-PRIN-BOT);OPT=12

### PRINT 7 910 11 13 14;

### HEADING ='MAX BOT PRIN STRESSES BASED ALL CASES’;

#i## NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 2016 2.127274E+04 4.023993E+04 2.320572E+04 2.178766E+04 4.2531D8E+04 2.450516E+04
251664 2016 1.933BBBE+04 3.759225E+04 2.166240E+04 1.868584E+04 3.485512E+D4 2.010688E+04
251741 2016 0.00000DE+00 1.024401E+04 5.527239E+03 1.559300E+04 1.366983E+04 7.796545E+03
251738 2015 9.142590E+03 1.906877E+04 1.095928E+04 1.290620E+D4 1.120644E+04 6.453101E+03
251739 2016 6.460496E+03 1.482646E+04 B8.480259E+03 1.153658E+04 9.997441E+03 5.768289E+03
251672 2016 7.623614E+03 9.749504E+D3 5.492797E+03 1.086573E+04 1.088553E+04 5.452608E+03
251752 2016 1.468255E+04 1.622190E+04 8.707177E+03 1.081132E+04 1.006214E+04 5.405661E+03
212366 2016 1.349172E+03 1.930649E+04 9.972845E+03 1.080360E+04 1.990228E+04 1.148387E+04
251743 2016 -9.084947E-13 7.747155E+03 4.333853E+03 1.030580E+04 9.659739E+03 5.152902E+03
251667 2016 8.31938BE+03 9.744900E+03 5.360621E+03 9.650189E+03 1.079186E+04 5.825474E+03
251751 20165 1.281685E+04 1.438093E+04 7.776119E+03 9.514256E+03 B.297155E+03 4.75712BE+03
251662 2016 1.010443E+04 1.095697E+04 5.823098E+03 9.383253E+03 1.084016E+04 5.933115E+03
212402 2016 2.197617E+03 1.906797E+04 1.00357BE+04 B.72226BE+03 1,986021E+04 1.136438E+04
251740 2016 9.673267E+03 1.328608E+04 7.574400E+03 B.352872E+D3 7.576576E+03 4.176436E+03

251657 2016 D.142393E+03 9.655716E+03 5.04B990E+03 7.989427E+03 9.756855E+03 5.436943E+03
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#H#H# §

#H# S

### SELECT TRIA3-STRESSES

### SORT VAR = MAXABS [VON-MISES-TOP);,0PT=12

### PRINT 791011 13 14;

### HEADING = 'MAX TOP YEILD STRESSES BASED ALL CASES";

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251668 2016 2.127274E+04 4.023993E+04 2.320572E+04 2.178765E+04 4.253108E+04 2.450516E+04
251664 2016 1.9338BBE+04 3.759225E+04 2.156240E+04 1.868584E+04 3.485512E+04 2.010688E+04
212389 2016 2.555405E+03 2.846509E+04 1.482968E+04 -5.456968E-12 1.471543E+04 7.5837B3E+03
212391 2016 2.535304E+03 2.834397E+04 1.478323E+04 -9.094947E-13 1.454856E+04 7.545721E+03
212388 2016 1.216473E+03 2.759252E+04 1.409032E+04 4.839036E+02 1.5084D3E+04 7.660079E+03
212419 2016 1.061057E+03 2.734753E+04 1.393131E+04 3.288618E+02 1.498918BE+04 7.575454E+03
212418 2016 3.100143E+03 2.651201E+04 1.398137E+04 6.476983E+02 1.555839E+04 7.986094E+03
212392 2016 1.931405E+D03 2.503263E+04 1.347227E+04 6.107935E+02 1.489020E+04 7.593097E+03
212390 2016 1.534799E+03 2.58B491E+04 1.333178E+04 -2.728484E-12 1.298685E+04 7.103379E+D3
241244 2016 2.266599E+03 2.585072E+04 1.345459E+04 -1.818989E-12 1.278225E+04 7.310613E+D3
212416 2016 2.8B2768E+03 2.547465E+04 1.338670E+04 5.366463E-12 1.522683E+04 7.639554E+403
212361 2016 1.511041E+03 2.467825E+04 1.269953E+04 5.3782B9E+02 1.498669E+04 7.624182E+03
241241 2016 3.166B57E+03 2.428477E+04 1.285642E+04 -7.27595BE-12 1.338388E+04 7.535981E+03
212417 2016 2.495642E+03 2.41BB02E+04 1,266954E+04 -9.094947E-13 1.464428E+04 7.536507E+D3

212378 2016 1.720178E+03 2.121344E+04 1.101058E+04 -2.273737E-12 9.922032E+03 5.007597E+03

#H#

it §

### SELECT TRIA3-STRESSES

#4## SOAT VAR = MAXABS [VON-MISES-BOT);0PT=12

### PRINT7 91011 13 14,
### HEADING ='MAX BOT YEILD STRESSES BASED ALL CASES',

### NCASES =15
ID SUBCASE MAX-PRIN-TOP VON-MISES-TDP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669 2016 2.127274E+04 4.023993E+04 2.320572E+04 2.178766E+04 4.253108E+04 2.450515E+04
251664 2016 1.93388BE+D4 3.759225E+04 2.166240E+04 1.868584E+04 3.485512E+D4 2,010688E+04
212447 2016 2.726067E+03 1,546995E+04 B.325BB8E+03 6.856650E+03 2.467828E+04 1.369078E+0D4
212321 2016 2.663712E+03 1.496927E+04 8.061157E+03 7.132461E+03 2.429146E+04 1.352062E+04
212433 2016 3.391271E+03 1.498059E+04 8.192755E+03 7.358238E+03 2.320802E+04 1.209758E+D4
200547 2016 2.410437E+02 1.4347B6E+D4 7.233430E+03 3.286707E+03 2.167853E+04 1,155710E+04
212323 2016 3.914623E+03 1,401813E+04 7.689181E+03 6.141189E+03 2.083111E+D4 1.160567E+0D4
212431 2016 3.637979E-12 1,350451E+D4 6.852760E+03 5.292591E+03 2.034041E+04 1.137155E+04
212325 2016 5.986514E+02 1.20B3B6E+04 65.186032E+03 4.878712E+03 2.026485E+04 1.112943E+04

200545 2016 2.841210E+03 1.2396B0E+04 6.785276E+03 8.159759E+02 2.009147E+04 1,024351E+04
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200511
212356
212402
212432
212352

#H## $
#i# 3

2016 4.087282E+02 1,297239E+04 £.585961E+03 2.62B860E+03 1.094B35E+04 1.056521E+04

2015 1.349172E+03 1.930649E+04 9.972845E+03 1.080360E+04 1.99022BE+04 1.1483B7E+04

2016 2.197617E+03 1.906797E+04 1.D0357BE+04 B8.722268E+03 1.986021E+04 1.13643BE+04

2016 2.930296E+03 1.35B326E+04 7.404626E+03 3.433050E+03 1.9054BBE+04 1.02691BE+04

2016 4.121837E+03 1.594400E+0D4 9.312322E+03 2.775485E+03 1.873051E+04 9.981695E+03

### SELECT TRIA3-STRESSES
### SORT VAR = MAXABS (MAX-SHEAR-TOP); OPT=12
##H# PRINT 791011 13 14;
#4## HEADING ='MAX TDP SHEAR STRESSES BASED ALL CASES)
### NCASES =15

ID SUBCASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251564
212389
212391
212388
212418
212419
212392
241244
212416
2123390
241241
212381
212417
212362

## §
##H 5

2016
2018
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2018

2016

2.127274E+04 4.023993E+04 2.320572E+04 2,178756E+04 4.2531DBE+04 2.450516E+D4

1.833888E+04
2.5659405E+03
2.535304E+03
1.216473E+03
3.190143E+03
1.061057E+D3
1.931405E+03
2.266599E+03
2.882768BE+03
1.634799E+03
3.166B67E+03
1.511041E+03
2.485642E+03

3.764315E+03

3.759225E+04
2.846609E+04
2.834397E+04
2.759252E+0D4
2.6512D1E+D4
2.734753E+04
2.603263E+04
2.585072E+04
2.547465E+04
2.588491E+04
2.42B477E+D4
2.467825E+04
2.418802E+04

2.098791E+D4

### SELECT TRIA3-5TRESSES
### SORT VAR = MAXABS [MAX-SHEAR-BOT);0PT=12

### PRINT 791011 13 14;
### HEADING ="'MAX BOT SHEAR STRESSES BASED ALL CASES',

### NCABES =15

ID SUBGASE MAX-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MAX-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

251669
251664
212447
212321

212433

2.166240E+04 1.8685B4E+04 3.485512E+04 2.01D688E+04
1,482968E+04 -5.458968E-12 1.471543E+04 7.583783E+03
1.476323E+04 -9.094947E-13 1.454856E+04 7.545721E+03
1,409032E+04 4.839036E+02 1.508403E+04 7.660079E+03
1.398137E+04 5.476983E+02 1.565839E+04 7.986094E+03
1.393131E+04 3.288618E+02 1.49891BE+04 7.575454E+03
1.347227E+04 6.107936E+02 1.4B9020E+04 7.593097E+03
1.345469E+04 -1.81B989E-12 1.279225E+04 7.310613E+03
1.339670E+04 6.366463E-12 1.522683E+D4 7.639554E+03
1.33317BE+04 -2,728484E-12 1.2986B5E+04 7.10337DE+03
1.285642E+04 -7.275958E-12 1.3383BBE+04 7.535991E+03
1.269953E+04 5.378283E+02 1.49B669E+04 7.624182E+03
1.266954E+04 -9.094947E-13 1.464428E+04 7.536507E+03

1.130767E+04 1.523706E+03 1.591698E+04 8.312022E+03

2016 2.127274E+04 4.023993E+04 2.320572E+04 2.17B766E+04 4.253108E+04 2.450516E+04

2016 1.933B8BE+D4 3.759225E+04 2.166240E+04 1.868584E+04 3.485512E+04 2.01068BE+D4

2016 2.726067E+03 1.546995E+04 8.325888E+03 B.B56650E+03 2.467B28E+D4 1.36907BE+04

2015 2.663712E+03 1.496927E+04 8.051157E+03 7.132461E+03 2.429146E+04 1.352962E+04

2016 3.391271E+03 1.498D59E+04 8.192755E+03 7.358239E+03 2.320802E+04 1.299756E+04

B- Lt -29



212323
200547
212356
212431
212402
212325
200511
212432
200545
212352

#it §
#it# $

2016
2016
2018
2016
2016
2015
2018
2016
2016

2016

### SELECT TRIA3-STRESSES
### SORT VAR = MAXABS [MIN-PRIN-TOPR);DPT=12
### PRINT 891012 13 14;
##t# HEADING = 'MAX MIN-PRIN TOP STRESSES BASED ALL CASES';
i## NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

212389
212391
212388
212419
251669
212390
212392
212418
241244
251664
212416
212361
212417
241241

212378

2016 -2.709996E+04 2.846609E+04 1.482968E+04 -1,.516757E+04 1.471543E+04

2016 -2.699115E+04
2016 -2.696416E+04
2016 -2.680156E+04
2016 -2.513870E+04
2016 -2.502876E+D4
2016 -2.501314E+04
2016 -2.477259E+04
2016 -2.464279E+04
2016 -2.398592E+04
2016 -2.391063E+04
2016 -2.388B01E+D4
2016 -2.284345E+04
2016 -2,254597E+04

2016 -2.030098E+D4

2.834397E+04
2.759252E+04
2.734753E+D4
4.023993E+D4
2.58B491E+04
2.603263E+04
2.651201E+04
2.585072E+04
3.759225E+04
2.547465E+04
2.467825E+D4
2.41BB02E+D4
2.428477E+04

2.121344E+04

1.476323E+04 -1.508144E+D4
1.409032E+04 -1.483625E+04
1.383131E+04 -1.482205E+04
2.320572E+04 -2,722266E+04
1.333178E+04 -1.420676E+04
1.347227E+04 -1.457540E+04
1.398137E+04 -1.532449E +04
1.345469E+04 -1.462123E+04
2.166240E+04 -2.152792E+D4
1.339670E+04 -1.527911E+04
1.269953E+04 -1.471054E+04
1.266954E+04 -1.507301E+04
1.285642E+04 -1.507198E+04

1.101058E+04 -1.001519E+04

B-1tr- 30

1.454B55E+04
1.508403E+04
1.49891BE+04
4.253108E+04
1.29B6B5E+04
1.489020E+04
1.565839E+04
1.278225E+04
3.485512E+04
1.522683E+04
1.498669E+04
1.46442BE+04
1,338388E+04

9.922032E+03

3.314623E+03 1.401813E+04 7.689191E+03 6.141189E+03 2.083111E+D4 1.160587E+04
2.410437E+02 1.4347B6E+D4 7.233430E+D3 3.286707E+03 2.167B853E+04 1,156710E+04
1.349172E+03 1.930648E+04 9.972845E+03 1.080360E+04 1,990228E+04 1.148387E+04
3.637979E-12 1.350451E+04 6.852760E+03 6.292591E+03 2.034041E+D4 1.137155E+04
2.197617E+03 1.906797E+04 1.003578E+04 8.722268E+03 1.986021E+04 1.135438E+04
5.986514E+02 1.208386E+04 6.186032E+03 4.87B8712E+03 2.026485E+04 1.112943E+04
4.0B7282E+02 1.297239E+04 6.585961E+03 2.628860E+03 1.994535E+04 1.056521E+04
2.930295E+03 1.358326E+04 7.404626E+03 3.433950E+03 1.905488E+D4 1.02691BE+D4
2.841210E+03 1.239660E+04 5.785276E+03 B.159759E+02 2.009147E+04 1.024351E+04

4.121837E+03 1.694400E+04 9.312322E+03 2.775485E+03 1,873051E+D4 9.981685E+03

7.583783E+03
7.545721E+03
7.5600‘}9E+03
7.575454E+03
2.450516E+04
7.103379E+03
7.593097E+03
7.986094E+03
7.310613E+03
2.0106BBE+04
7.639554E+03
7.624182E+03
7.536507E+03
7.535991E+03

5.007587E+03






#H# S

### SELECT TRIA3-STRESSES
### SORT VAR = MAXABS (MIN-PRIN-BOT); OPT=12

### PRINT B9 10 12 13 14;

### HEADING = 'MAX MIN-PRIN BOT STRESSES BASED ALL CASES',

### NCASES =15

ID SUBCASE MIN-PRIN-TOP VON-MISES-TOP MAX-SHEAR-TOP MIN-PRIN-BOT VON-MISES-BOT MAX-SHEAR-BOT

2516689

251664 2016 -2.398592E+04

212447 2016 -1.392571E+04

212321 2016 -1.345860E+04

200547 2016 -1.422582E+04

200545 2016 -1.072934E+04

212433 2016 -1.299424E+04

200511 2016 -1.276319E+04

212298 2016 -3.764813E+03

212325 2016 -1.177341E+D4

212352 2016 -1.450281E+04

212432 2016 -1.187896E+04

212323 2016 -1.206376E+D4

241247 2016 -1.612507E+04

200510 2016 -1.003883E+04
#i# §
### S
#iH# $
### EXIT
** NORMAL EXIT: EXIT
END OF JOB

3.759225E+04
1.546995E+04
1.496927E+04
1.434786E+04
1.239660E+04
1.498059E+D4
1,287239E+04
8.515790E+03
1.208386E+04
1.684400E+04
1.358326E+04
1.401813E+04
1.987311E+04

1.120511E+404

2.166240E+D4 -2,152782E+D4
8.325888E+03 -2.052480E+04
8.061157E+03 -1.992677E+04
7.233430E+03 -1.984750E+04
6.785276E+03 -1.967105E+04
8.192755E+03 -1.B63689E+04
6.585961E+03 -1.850157E+04
4.874667E+03 -1.747364E+04
6.186032E+03 -1.738015E+04
9.312322E+03 -1.718790E+04
7.404626E+03 -1.710441E+04
7.689191E+03 -1.707015E+04
1.110105E+04 -1,706746E+04

6.044215E+03 -1.690359E+04

3.485512E+04
2.45782BE+D4
2.429146E+04
2.167853E+04
2.009147E+04
2.320802E+04
1.994635E+04
1.617455E+04
2.02G485E+04
1.873051E+04
1.9054B8E+04
2.083111E+04
1,733535E+04

1.741086E+04

B-0-1-1-3l

2016 -2.513870E+04 4.023993E+04 2.320572E+04 -2.722266E+04 4.25310BE+04 2.450516E+04

2.0106B8E+04
1.369078E+04
1.352952E+04
1.158710E+04
1.024351E+D4
1.299756E+04
1.056521E+04
B.736818E+03
1.112943E+04
9.951695E+03
1.026918E+04
1.160567E+04
B.795687E+03

B8.93B634E+03
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1.1.2 Stress Analysis for Vacuum Case Inner Cylinder

Introduction

The Inner Cylinder, shown in Figure 1.1.2A-1, is the central core of the Vacuum
Case. The 43.898-inch outer diameter x 32.306-inch length cylinder is manufactured
from 2219-T852 hand-forged aluminum. The thickness for the majority of the cylinder’s
length is 0.125 inch thick, which tapers to 0.25 inch for the final 0.961 inches at each
end shown in Figure 1.1.2A-2. The 0.25 inch thickness at the ends to is needed to
provide the proper cross sectional dimensions necessary to weld the Inner Cylinder to
the top and bottom Conical Flanges of the Vacuum Case.

Analysis Method Used to Perform the Stress Analysis for the Inner Cylinder

MSC NASTRAN v2001 is used for the finite element analysis of the Inner Cylinder.
The pre/post processing software used in building and analyzing the NASTRAN input
and output is FEMAP version 8.2. The hi-fi Inner Cylinder model is built entirely out of
CQUAD4 and CTRIA3 elements. The ends of the cylinder are connected to the top and
bottom Conical Flanges with RBE2 elements. The entire Vacuum Case model,
including the high fidelity Inner Cylinder, is integrated with the USS and magnet
assembly model to make up the total AMS-02 payload as shown on figure 1.1.2A-3.
The results from this model were used to determine the critical stresses for this

component.

Stability analysis for the Inner Cylinder is located in section 1.1.2.3.
Inner Cylinder Finite Element Model Checks

Strain energy and rigid body modes were checked using the high fidelity Inner
Cylinder Vacuum Case model combined with the remaining components to make up the
full payload model. The overall payload model used in the analysis is version 6-02
found in the /hsm/bsommer/ams/bulk/6-02 directory. The Vacuum Case model used for
the Inner Cylinder analysis is located in the
/hsm/bsommer/ams/bulk/stressmods/innercylinder directory and titled vc-inner.dat.
Figure 1.1.2A-4 shows the fine meshed Inner Cylinder model. The top and bottom of
the Inner Cylinder contains rigid elements that attach the cylinder, with all six degrees of
freedom (DOF), to the Conical Flanges. This simulates a full penetration welded joint.
The weld interface is meshed with CQUAD4 elements rotated about the z-axis every
0.9375° and spaced 0.125" apart along the vertical z-axis. A second ring of rigid

1.1.2-1
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elements, 0.75" below the weld and constrained only in the radial direction, simulates
the last point of contact that the Inner Cylinder makes with the conical flanges.

Figure 1.1.2A-5 shows a schematic of the Inner Cylinder to Conical Flange weld
interface. The rigid element attachment details are shown in Figure 1.1.2A-6.

The strain energy and rigid body modes checks for this model are found in the
/hsm/bsommer/ams/checks/6-02 directory entitled checkamsinner.f06. The strain
energy check limits that are acceptable are for values of 1.0E-5 for translations and
1.0E-3 for rotations. The results for the strain energy checks for the KGG, KNN, KFF
matrices are found in Tables 1.1.2-1 through 1.1.2-3. Only the diagonal terms of the
Bx6 matrix are listed. The results for the rigid body modes, listed in Table 1.1.2-4 shows
six rigid body modes with a good separation between the last rigid body mode 6 and the
first real mode mode 7. The total model Mass and CG location is shown in Table 1.1.2-
5. The mass units are in slinches and the z coordinate is in the orbiter coordinate

system.

1.1.2-2



|

Prepared By

Name/Date

Bruce R. Sommer / 3-12-03

LOCKHEED MARTIN j

Checked By J(/C_&S/z @/ﬂ P Mech

Science, Engineering, Analysis, & Test

ical Systems Analysis D epartment

'File Name
IC Stress.doc

Drawing No.
5DG39135781-001

Title: AMS-02 VACUUM CASE INNER CYLINDER STRESS ANALYSIS

RESULTS OF RIGID BODY CHECKS OF MATRIX KGG

(G-SET) FOLLOW:

PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-0D2

DIRECTION STRAIN ENERGY PASS/FAIL
1 6.542705E-07 PASS
2 1.937173E-07 PASS
3 2.267855E-07 PASS
4 2.125848E-D4 PASS
5 6.424041E-04 PASS
6 1.145163E-03 PASS

RESULTS OF RIGID BODY CHECKS OF MATRIX KNN

Table 1.1.2-1: KGG for Inner Cylinder Model

(N-SET) FOLLOW:

PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02

DIRECTION STRAIN ENERGY PASS/FAIL
1 7.519208E-07 PASS
2 5.946003E-07 PASS
3 2.948590E-07 PASS
4 8.092135E-04 PASS
5 3.437674E-04 PASS
6 1.161289E-03 PASS

Table 1.1.2-2: KNN for Inner Cylinder Model

RESULTS OF RIGID BODY CHECKS OF MATRIX KFF (F-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02

DIRECTION STRAIN ENERGY PASS/FAIL
1 7.519208E-07 PASS
2 5.946093E-07 PASS
3 2.948599E-07 PASS
4 8.092135E-04 PASS
5 3.437674E-04 PASS
6 1.161289E-03 PASS

Table 1.1.2-3: KFF for Inner Cylinder Model

1.1.2-3
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MODE | EXTRACTION GENERALIZED | GENERALIZED
NO. ORDER EIGENYALUE RADIANS CYCLES (Hz) MASS STIFFL\IESS
1 1 3.69E-08 1.92E-04 3.06E-05 1.00E+00. 3.69E-08
2 2 7.36E-08 2.71E-04 4.32E-D5 1.00E+00. 7.36E-08
3 3 9.64E-08 3.11E-04 4.94E-05 1.00E+00. 9.64E-08
4 4 1.11E-07 3.34E-D4 5.31E-05 1.00E+00 1.11E-07
5 5 1.63E-07 4,04E-04 6.44E-05 1.00E+D0 1.63E-07
6 ] 2.00E-D7 4.48E-04 7.13E-D5 1.00E+D0. 2.00E-D7
7 7 6.60E+02 2.57E+D1 4.09E+00 1.00E+00 6.60E+02
8 8 9.86E+D2 3.14E+01 5.00E+0D 1.00E+00 9.86E+02
Table 1.1.2-4: Rigid Body Modes for Inner Cylinder Model
"~ Dircetion Stress Model
Mass Axis System [m) | Mass |slinches) X-C.G. [in) Y-C.G. |in) Z-C.G. [in)
X 3.8847E+D01 -1.51E-15 1.03E-02 -1.09E-02
Y 3.8847E+01 -1.64E-02 2.74E-16 -1.09E-02
Z 3.8847E+01 -1.64E-02 1.03E-02 -2.29E-17
l.oads Model Mass = 3.8851E+01

Table 1.1.2-5: Mass for Stress and Loads Model and CG

For Inner Cylinder Model
» The cg coordinates for Table 1.1.2-5 should be close to zero since the cg is
defined around node 599999

X [in)

Y [in) Z

lin)

-2.46E-01

2.58E+00

3.86E+02

Table 1.1.2-6; CG Location for AMS-02 in the Orbiter Z location

1.1.2-4
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Loads and Constraints

The AMS-02 payload model is constrained at five trunnion locations. A total of
256 load cases for multiple launch/landing scenarios were run using NASTRAN. The
critical load cases for the Inner Cylinder were determined by sorting the element
stresses from the Inner Cylinder loads model. The high fidelity Inner Cylinder model is
incorporated into the loads Vacuum Case model for use in determining the peak
stresses. A total of seventeen load cases were chosen as the critical [oad cases, which
included a contingency load case for an internal pressure of 0.8 atmospheres.

The list of the critical load cases with the corresponding load factors is shown in
Table 1.1.2-7. Note that the R2### load cases are for landing with a full helium tank.
R1### are launch load cases. The Load Factors used for this analysis are listed in
Table 1, Page 14 of the AMS-02 Structural Verification Plan for STS and 1SS (JSC-
28792, Rev.B). The NASTRAN run streams for these load cases can be found in the
/hsm/bsomer/ams/nonlin/innercylinder/2000 directory and labeled R20##.dat or
/hsm/bsommer/ams/nonlin/innercylinder/1000 with the titles R10##.dat.

Load Case Event Nx ( Ny g) | Nz ( Rx (rad/s*2)| Ry (rad/s*2)| Rz (rad/sA2)
1008 Launch 5.7 1.6 5.9 -10.D -25.0 -18.0
1041 Launch -5.7 1.6 -5.9 10.0 25.0 18.0
1045 Launch -5.7 1.6 -5.9 -10.0 25.0 18.0
1062 Launch -5.7 -1.6 -5.9 -10.0 25.0 -18.0
2007 Landing Full 4.5 2.0 6.5 -20.0 -35.0 15.0
2008 Landing Full 4.5 2.0 6.5 -20.0 -35.0 -15.0
2016 Landing Full 4.5 2.0 -6.5 -20.0 -35.0 -15.0
2019 Landing Full 4.5 -2.0 6.5 20.0 -35.0 15.0
2020 Landing Full 4.5 -2.0 6.5 20.0 -35.0 -15.0
2027 Landing Full 4.5 -2.0 -6.5 20.0 -35.0 15.0
2033 Landing Full_| -45 | 2.0 6.5 20.0 35.0 15.0
2037 Landing Full -4.5 2.0 6.5 -20.0 35.0 15.0
2041 Landing Full -4.5 2.0 -6.5 20.0 35.0 15.0
2042 Landing Full -4.5 2.0 -6.5 20.0 35.0 -15.0
2053 Landing Full -4.5 -2.0 6.5 -20.0 35.0 15.0
2054 Landing Full -4.5 -2.0 6.5 -20.0 35.0 -15.0
2061 Landing Full -4.5 -2.0 -6.5 -20.0 35.0 15.0

Table 1.1.2-7: Critical l.oad Case Load Factors for Inner Cylinder Model

An interface loads comparison between the stress and loads model, shown on Tables
1.1.2- 8 and 1.1.2-9, show a close correlation between strap forces and reaction forces
at the trunnion attachment points. Only one load case is shown in the tables to illustrate
the similarities between the two models.

1.1.2-5
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Strap Strap Forces [Ibs) | Strap Forces [lbs) Abs Difference
ID Loads Model 6-02 Stress Model 6-02 [Ibs)
90001 21302.40 21311.43 9.030
90002 1743.94 1743.55 0.390
90003 5393.41 5374.05 19.361
90004 1494.33 1496.18 1.855
90005 11598.83 11600.79 1.960
90006 7667.55 7658.07 9.478
90007 4434.85 4421.56 13.286
90008 5654.60 5674.39 19.793
90009 1833.66 1831.71 1.948
90010 6762.57 6729.07 33.499
90011 1212.03 1213.04 1.018
90012 1504.58 1506.37 1.790
90013 1833.09 1835.46 2.371
90014 8681.50 8691.17 9.673
90015 1516.15 1518.04 1.892
90016 1828.39 1831.41 2.025

Table 1.1.2-8: Strap Force Loads Comparison of 6-02 Loads Model vs. Inner
Cylinder Stress Model for Load Case 1045

" Total Load Mass from Trunnion Mass
Axis Trunnion Load Factor Reaction Load LC 1045 Stress Model
X 85517.77 5.7 1.5003E+D4 1.4998E+04
Y -23983.46 1.6 -1.4990E+04 1.4998E+04
Z 88486.95 5.9 1.4998E+04 1.4998E+04

Table 1.1.2-9: Mass Calculated from Trunnion Forces vs. Mass of Stress Model

The discrepancies in strap loads are not seen as a problem for the Inner Cylinder
model itself. The differences in the resultant mass at the trunnions and the actual
model mass is due to a slight imbalance in the pressure load. The imbalance primarily
occurs in the support rings and not at the Inner Cylinder itself. The bulk of the

imbalanced force is transferred directly to the USS-02 by way of the interface plates and
diagonal strut attachments and not through the Inner Cylinder.

1.1.2-6
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1.1.2.1 Stress Analysis Results for Inner Cylinder

The maximum stresses for the Inner Cylinder are shown below. NASPOST was
used to sort the maximum stresses from the load cases listed in Table 1.1.2-7. The

punch files containing the analysis results are found in the

/hsm/bsommer/ams/nonlin/innercylinder/2000/6-02/ directory. The files are named
according to the Ioad case. (i.e.. R2019.pch, R2020.pch, etc.....) The NASPOST list file
can be found in /hsm/bsommer/ams/naspost/inner/6-02/ directory and titled
innerstress.lis. A copy of this list file is located in appendix 1.1.2C. The load case
containing the highest stress for principle, VonMises and shear are shown below in
Table 1.1.2-10. Contour plots of the highest principal stress are shown in Figures

1.1.2B-1 through 1.1.2B-4.

Load Elem. ID Elem. Type Stress MAX | Appendix 1.1.2C
Case 1D Type Stress [ksi) Reference Page |
R1045 202937 Quad4-plate Max Principal ~36.28 1.1.2C-9
R1045 202937 Quad4-plate Max Vonm 33.77 1.1.2C-13
R1045 202937 Quad4-plate Max Shear 18.14 1.1.2C-15

Table 1.1.2.1-1: Highest Stresses for Inner Cylinder Model
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\v4

Title: AMS-02 VACUUM CASE INNER CYLINDER STRESS ANALYSIS

Checked By 7 j\% g/z 7 0} Mechanical Systems Analysis D epartment SDG39135781-001
\

Margins of Safety .
INNER CYLINDER, VACUUM CASE, AMS-02 2219-T852 (AMS 4144)
Material allowables are from MIL-HBK-5H Table 3.2.7.0(c) for 2.0" to 4.0" thick Hand forging

Ftu :=60000psi Ultimate tensile strength I'Sy:=1.1 Yield Factor of Safety
Fly :=46000psi Compressive yield strength Fsu:=14 Ultimate Factor of Safsty

= i Ultimate r t
Fsu :=32000psi Ultimats shear strength v =196 Thermal reduction factor at 140 F.

The maximum stresses for the inner cylinder occur in load case 1045. Margins for the inner cylinder will be
calculated based on the stress values shown below.

Ty = 36284.0psi (max. principal) Element 202937
% yield 1=33776.8psi (max. Von-Mises) Element 202937
T ghear = 18142.0psi (max. shear) Element 202937

Margins of Safety

y -Ftu

Ultimate MSui=——1 MSu =0.134
o g FSu
Yield MSy =T MSy = 0.189
S yield FSY
_ v 'Fsu .
Shear MSs 1Fe——  — | MSs =0.210
T shear FSU

The Inner Cylinder is acceptable for both vacuum and maximum expected flight loads with a 0.98
temperature reduction factor.
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1.1.2.2 Inner Cylinder Weld Analysis

INNER CYLINDER WELD
Ftu :=32000psi Ultimate tensile strength FSu:=14 Ultimate Factor of Safety
Provided by Weld Testing y 1=0.96 Thermal reduction factor at 140 F.

conducted by Dan Rybicki. A
copy of the weld allowables is
shown on page 20 in
Appendix 1.1.2.C.

The stresses for the welded interface between the Inner Cylinder to Conical Flange is
calculated using the edge stresses for the Quad4-plate elements located at each end of
the conical flanges. The critical weld load cases were determined by sort for the max
positive principal stress at the Inner Cylinder to conical flange interface. All 256 load
cases were sorted using the loads model to determine the worst load cases for the
weld. The worst load cases for the weld coincided with the worst load cases for the
Inner Cylinder. The critical weld load case is shown in Table 1.1.2.2-1. The highest
weld stress is shown in Table 1.1.2.2-2. The stress contour plot for the weld is shown

on Figure 1.1.2B-3.

Load Event Nx Ny Nz Rx Ry Rz
Case (9) (9) (9) (rad/s*2) | (rad/s*2) | (rad/s"2)
1045 Launch -5.7 1.6 -5.9 -10 25 18

Table 1.1.2.2-1: Critical Load Case Load Factor Combinations for Inner Cylinder to
Conical Flange Weld

Load Elem. ID Elem. Type | MAXPRIN | Appendic
Case Bottom |ksi) 1.1.2C
R1045 300224 Quad4-plate 22769.4 1.1.2C-2

Table 1.1.2.2-2: Highest Weld Stress for Inner Cylinder to Conical Flange

1.1.2-9
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Margin of Safety for Weld

_ yFt

Ultimate MSu ! -1 MSu =-0.036

g ¢ FSu

The negative margin for the inner cylinder weld is not seen as a major issue for the
following reasons:

1. The latest AMS-02 model 2-03 gives max tensile stresses in the weld lower
than 20 ksi which would result in positive margins of safety. This is due in
large part to the fact that the Vacuum Case is now attached to the USS-02
prior to pulling a vacuum. The AMS-02 model 6-02 has the Vacuum Case
detached for the vacuum load. This allows for larger displacements in the
conical flanges causing increased bending at the inner cylinder weld
interface. Future analysis is expected to use the AMS-02 2-03 model.

2. The 140 deg F temperature used for temperature reduction on the material
strength is a conservative number. The inner cylinder is shaded from the sun,

so maximum temperatures can probably be expected to remain less than 140
deg.

3. The results of this analysis are based on load factors with an uncertainty
factor of 1.5. This is expected to be reduced sometime after the CDR.

4. The vendor for the vacuum case will test weld coupons. The allowable

weld stress will be based on the minimum test value, which will not be less
than 32 ksi.
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Title: AMS-02 VACUUM CASE INNER CYLINDER STRESS ANALYSIS

Inner Cylinder Analysis Conclusions

The inner Cylinder for the AMS-02 Vacuum Case is acceptable for the loading
conditions defined in the ASM-02 Structural Verification Plan for STS and ISS(JSC-
28792, Rev.B) and for a total payload weight of 15000lbs. There are several factors
that could change the analysis for the Inner Cylinder. Among them is an increase in the
mass of the magnet, helium tank or tracker. Other possible impacts to the current
analysis , such as changes in inertial load factors due to updated transient analysis, will
have to be assessed when they occur.
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1.1.2A Inner Cylinder Finite Element Model Details
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Figure 1.1.2A-2: End Detail of Inner Cylinder
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Figure 1.1.2A-2: AMS-02 Model 6-02a
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Figure 1.1.2A-4: Inner Cylinder Stress Model
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Figure 1.1.2A-5: Inner Cylinder to Conical Flange Weld Detail
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1.1.2B Inner Cylinder Stress Contours
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Figure 1.1.2B-1: Inner Cylinder Stress Contour for Load Case 1045
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Figure 1.1.2B-4: Max Tensile Stress of 24842 psi In Element ID 202939
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Name/Dale File Name
Prepared By |Bruce R. Sommer / 3-12-03 LOCKHEED MARTIN # Appenendix C IC Stress.doc

Science, Engineering, Analysis, & Test Drawing No.
Checked BY 7 d/z)’ Mechanical Systems Analysis Department SDG39135781-001
L4

Title: AMS-02 VACUUM CASE INNER CYLINDER STRESS ANALYSIS

Sommer, Bruce

From: RYBICKI, DANIEL (JSC-ES4) (LM) [daniel.ryblcki@Imco.com]

Sent: Wednesday, March 19, 2003 4:59 PM

To: 'Carter, Howard'

‘Ce; Sommer, Bruce; Balas, Chittur; MARTINEZ, ADRIEN (NICK) (JSC-ES4) (LM); FIGERT,

JOHN D, (JSC-ES4) (LM); 'phil.mott@@imco.com’; trent.martin@Imco.com”;

'r.dasgupta@Imco.com’
Subject: RE: AMS-D2 VC Inner Cylinder weld temperatures for landing - Weld  Allowable

Howard,

Based on our roundtable discussion yesterday with regaxding the need for a
new allowable for the VC closeout weld joints, I think we all are in
agreement on an allowable of 32 ksi, provided the max environmental
temperature issue can be rasolved, and it appears it may have been according
to Craig's message below, This value |32 ksi minimum) is compliant with the
Class II weld requirement stated by MSFC-SPEC-504C |governing document)
however, we agreed that the fabricators gualificatjion data population shall
exhibit NO DATA VALUES lower than 32 ksi which realistically will result in
a population mean |average) greater than 32 ksi which is better than the the
Clags II stated minimum average strength of 32 ksi. So essentially, we are
ignoring a minimum average requirement and just asking for a minimum
absolute strength. .

So, the drawing/S0W should-state something to the tune of:

"Welding shall be per MSFC-SPEC-504C, Class II except that the weld process
shall be qualified to show the capability to produce a weld strength whereas
no aingle test value from the test sample population results in less than 32
ksi. Al) qualification teat welds and test specimens shall conform to
paragraph 3,3.2 of MSFC-SPEC-504C."

With the stated requirement written as such in the SOW, our current
baselined welding process remains capable of achieving that as we always
showed values higher than 32 ksi. So it's a good thing we don't have te
deviate from that., Moreover, as a contingency poesition, we can always fall
back on the weld procedure with an oscillated cover pass |wider weld bead)
to gain more strength but we shouldn't reveal that hand unless the vendor
shows to be in trouble with their weld process gualification efforts,

Does sveryone agree with this new requirement and the way we need to state
it as an engineering regquirement?

Dan Rybicki

Materials & Processes

Welding and Brazing Applications )
ILM30-NASA/JSC - ES4

|281) 244-5181 Phone

|281) 527-6581 Pager

|281) 244-1301 Fax .
daniel.rybickiRjsc.nasa.gov

----- Uriginal Message-----

From: Carter, Howard [mailto:howard.carter@lmco.com]

Sent: Wednesday, March 19, 2003 4:16 PM

To: RYBICKI, DANIEL (X-LM OPERATIONS SUPPORT)

Ce: Sommer, Bruce; Balas, Chittur

Subject: FW: AMS-02 VC Inner Cylinder weld temperatures for landing
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Part Information Structural Analy sis
Member DWG. No. Specification Material |Load Type, Load or Stress M.S Ref. Page
Applied | Allowable
Upper Flange | SDG39135779 AMS 4108 7050-T7452] A,Bg |3.49edpsi|6.60edpsi| U| 022 1.1.3.1-8
Lower Flange | SDG39135779 AMS 4108 7050-T7452| A,Bg |2.37edpsi 6.60e4ﬂsi Ul 083 |1.13.1-11
Upper Flange
fail-safe SDG39135779 AMS 4108 7050-T7452| A,Bg |3.59edpsi 6.60edpsi| F| 069 |1.1.3.1-19
Lower Flange |
fail-safe SDG?39135780 AMS 4109 7050-T7453| A,Bg |2.23edpsi|6.60edpsi| F 173 |1.1.3.1-16
[
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1. Introduction:

The picture shows the locations of the Upper and Lower Outer Cylinder (OC) Flanges in the Vacuum Case
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This picture shows the cross-section of the flanges.
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2. Method:

a. Two flanges which each have a 2" fillet radius are modeled.

b. These flanges are meshed as 8-noded CHEXA and 6-noded CPENTA elements in FEMAP V.8.0.
c. Material is 7050-T7452 AL rolled ring forging AMS 4108.

d. RSSCON elements are used for the connection between the OC wall and flanges.

e. To represent bolt connections between Flanges and Rings, 392 RBE2 (192 for the Upper and 200 for the
Lower) elements associated with CBUSH element are used.

i. RBE2 has DOF(123000).

ii. CBUSH has stiffness (9.66e4, 8.66e5, 4.105e6, 0, 0, 0) and (6.79e4, 6.79e4, 4.105e6) |bs/in for A- and
B-bolt, respectively (see Appendix B). The A-bolts are retained with nuts and the B-bolts are retained with

inserts.
f. To represent bolt connection between Conical Flanges and Support Ring, CBUSH elements are used

i. CBUSH has stiffness (2.7e5, 2.7e5, 4.426, 0, 0, D) Ibs/in.
g. External 1-atm pressure is applied on flanges.
h. The model of Outer Cylinder Flanges is inserted into the model of VC-4-02.

i. The entire AMS-02 model is analyzed by using MSC/NASTRAN V.70.7.

1.1.3.14
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3. Model Information:

a. The NASTRAN data file is at; /hsm/phoang/ams2/ocflg/ocflg402.blk.

b. The model check of Vacuum Case including Upper and Lower Flanges is performed. The results below show
that the FEA math model is correct. NASTRAN output format is enclosed in Appendix A.

i. For matrix KGG:

RESULTS OF RIGID BODY CHECKS OF MATRIX KGG  [G-SET) FOLLOW:
DIRECTION STRAIN ENERGY PASS/FAIL

1 2.626147E-07 PASS
2 1.219635E-07 PASS
3 1.014317E-06 PASS
4 2.217866E-03 PASS
5 4.882478E-04 PASS
6 1.046322E-03 PASS

ii. For matrix KNN:

RESULTS OF RIGID BODY CHECKS OF MATRIX KNN  (N-SET) FOLLOW:
DIRECTION STRAIN ENERGY PASS/FAIL

7.900753E-08 PASS
4.105746E-07 PASS
1.525903E-06 PASS
4.349769E-03 PASS
2.323911E-03 PASS
3.658452E-04 PASS

[ S T S N T T

iii. For matrix KFF:

RESULTS OF RIGID BODY CHECKS OF MATRIXKFF  (F-SET) FOLLOW:
DIRECTION STRAIN ENERGY PASS/FAIL

1 7.900753E-08 PASS
2 4.105746E-07 PASS
3 1.525903E-06 PASS
4 4.349769E-03 PASS
5 2.323911E-03 PASS
6 3.658452E-04 PASS
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3. Model Information: (Cont'd)

iv.Eigenvalue Summary: First six modes are zero; transition modes are well separated.

MODE EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED

NO. MASS STIFENESS
1 -3.83E-07 6.19E-04 9.85E-05 1.00E+00 -3.83E-07
2 7.77E-08 2.79E-04 4.44B-D5 1.00E+00 7.77E-08
3 1.63E-07 4.04E-04 6.43E-05 1.00E+00 1.63E-07
4 2.74E-07 5.23E-04 8.32E-D5 1.D0E+00 2.74E-07
3 4.44E-07 6.67E-04 1.06E-04 1.D0E+00 4.44E-07
6 7.01E-07 8.37E-04 1.33E-04 1.00E+00 7.01E-07
7 2.16E+05 4.64E+02  7.39E+D1 1.00E+00 2.16E+03
8 3.31E+05 5.75E+-02 9.15E+01 1.00E + 00 3.31E+0D5
9 3.69E+05 6.07E+ D02 D.67E+D1 1.00E+0D 3.65E +D5:
10 3.88E+05 6.23E+02 9.91E+01 1.00E+00 3.88E+05

v. Weight Summary: (Total weight = 386.0886 * MASS = 386.0886 * 5.41079 = 2475.1 Ibf)
(The actual VC weighs 2474.481bf - Ref. AMS-02 4-02 Weights.xIs)
OUTPUT FROM WEIGHT CHECK

. 0 DEGREES OF FREEDOM SET = G
0 REFERENCE POINT = 0
MO

* 6.410790E+00 2.775558E-17 -2.168404E-18 -8.881784E-14 2.515319E+03 -2.577948E+00 *
* 2 775558E-17 6.410790E +00 -1.387779E-17 -2.515319E+03 5.684342E-14 -2.100329E+00 *
* .2 168404E-18 -1.387779E-17 6.410790E+00 2.577948E+00 2.100320E+D00 -1.110223E-15 *
* .3 881784E-14 -2.515319B+03 2.577948E-00 9.973527E+05 -1.172493E+-02 8.379405E+02 *
* 2.515319E+03 5.684342E-14 2.100329E+00 -1,172493E+02 9.969594E 405 -9.187751E+02 *
* ) 577948E+00 -2.100329E + 00 -1.110223E-15 8.3794D5E+02 -9.187751E+02 1.394058E+04 *
S

* 1.000000E+00 0.000000E+D00 0.000000E+ 00 *

* (),000000E+00 1.000000E+ D0 0.000000E+ 00 *

* 0.000000E+00 0.000000E+00 1.000000E +00 *

DIRECTION
MASS AXIS SYSTEM (S) MASS X-C.G. Y-C.G. ZC.G.
X 6.410790E+00 -1.385443E-14 4.021265E-01 3.923571E+02
Y 6.410790E+00 -3.276241E-01 8.866835E-15 3.923571E+02
Z 6.410790E+00  -3.276241E-01 4.021265E-01 -1.731804B-16

I(S)
* 1.044806E-+04 1.180939E+02 -1.386131E+01 *
* 1.180930E+02 1.005509E+04 -9.270132E+01 *
* _1.386131E+01 -9.270132E+-01 1.393886E+04 *

1Q)
* 1.394110E+04 *
* 1.002013E+04 *
* 1.048078E+04 *
@ 0
*.3,164162E-03 2.666602E-01 9.637854E-01 *

* .2,375237E-02 9.634983E-01 -2.666587E-01 *
* .0 997129E-01 -2.373593E-02 3.285144E-03 *

1.1.3.1-6
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3. Model Information: (Cont'd)

c. Additional model checks are based on the Trunnion loads. These loads in Strap Port model for each load
case are closely matched with those in the Load model. Table 1 shows few samples for the comparision between

these loads.
TRUNNION FORCES (bbs) Differences
D SUBCASE] From Load Madel From OC Flange Model FX FY FZ
FX FY FZ FX FY Fz bs) | (%) | ms) | %) | ts) | (%)
1 2007 |-23022.1| 0.0 |24998.7 |-25855.6| 00 [25185.5(28335| 123 - - 166.8 | D.7
2 2007 |-44517.1| 0.0 |[-18987.2]|4B074.5| 0.0 [-16235.7| 1557.4 | 35 . - | 27515 | 145
3 2007 0.0 0.0 [-50063.8] 0.0 0.0 |-515255| - - . - 561.6 | 1.1
4 2007 0.0 0.0 |[-52801.5] 0.0 0.0 [s528702 - - - - 2687 | 05
5 2007 0.0 [-30016.8[ 0.0 0.0 |-26644.8| 00 . - [33720] 1.2 - -
1 2020 | 46318.3| 0.0 | -9221.9[-489438| 00 [ -7096.2|26255| 5.7 - - | 21257 | 231
2 2020 |-21204.4| 00 | 14536.4 |-24762.2| 0.0 |[14444.1|34678| 163 | - - 923 | 06
. 3 2020 0.0 0.0 |[-e4690.1| 00 0.0 |-65640.4| - - - - 850.2 | 15
4 2020 0.0 0.0 |[-382841] 0.0 0.0 |-40059.6| - . - |- [ ss | 48
5 2020 00 |30050.1| 0. 0.0 [263388| 0O . - |3711.3] 124 - .
1 2031 |-31721.7| 0.0 |52678.6|-34537.0( 0.0 [52560.2[2815.4| 8.9 - . 1184 | 0.2
2 2031 |-35779.5| 0.0 |51437.9|-37423.0| 0.0 [53992.8| 16435 | 4.6 - - | 25548 | s0
3 2031 0.0 0.0 | -42655| 0.0 0.0 |80 - - - - 8925 | 16.2
4 2031 0.0 0.0 |[-23s05| 00 0.0 [ -2962.5 . - - - 612.0 | 260
5 2031 00 [300000( 0.0 0.0 |33301.0| DO - - |3301.0[ 110 - -
1 2033 | 46162.7 0.0/ 405205 50195.4 | 0.0 [-40436.9| 4032.7 | B.736| - - 83.64 |0.2064
2 2033 | 213313 | 0.0 [-63484.9]24181.1| 0.0 |-662105]| 2849.8|1336| - - | 2725.54 | 4.2832
3 2033 0.0 00 |-78325| DO 0.0 | 6788.0 - - ‘ - | 1066.53(13.617
4 2033 0.0 0.0 |143438| 0.0 0.0 |1ss858| - - - - | 1212.02|8.4458
5 2033 0.0 |[-20897.8| 0.0 0.0 |-33254.1| 0.0 - - | 3256.3 | 10.855 - -

Table 1: Check of the Trunnion Loads
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4. | oad and Constraint:
The entire AMS-02 math model is constrained at five Trunnion locations whose GRID IDs are 1 and 2 with

DOF(13), 3 and 4 with DOF(3), and 5 with DOF (2).
All 192 load cases under the launch and landing situations were investigated in order to indentify the worst result.

5. Result:
Material Properties : 7050-T7452 AL, AMS 4108 Hand Forging)

PP R
F 1y 1266-107psi (MIL-HDBK-5H, Table 3.7.3.0(d), t = 4.001"-5.000")
conservatively using ST values

Fyyi=54-10" psi

F g 1=41-10% psi

Factor of Safety, FS =14 v

Temperature reduction factor at 140° F,

. Yy =092 vy i=0.98

(Ref. MIL-HDBK-5H, Figure 3.7.3.2.1)

1.1.3.1-8
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5. Result: (Cont'd)

ii. For Upper Flange:

Maximum Von-Mises, principal, and shear stresses are selected from 192 load cases for Upper Flange.
NASPOST V.2.1 is used to sort out stresses within the load cases.

0 yy = 34937.03 psi (Load Case 2020, Element 221528, See p. 1.1.3.1-10)
0 yu 53541717 psi (Load Case 2020, Element 221516, See p. 1.1.3.1-10)
0 =20027.79-psi (Load Case 2020, Element 221528, See p. 1.1.3.1-11)

Margins of Safety,

F iyt
yield MS = WY MS | =038
FS o
Yy uy
Fi v
tulu
ultimate MS, i=— -1 MS =022
YRSy, " =%
F_.v
shear MS ¢ =St MS = D.35
’ FS 10 us

1.1.3.1-9
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HHH S |
### SSELECT HEXA-STRESSES, DS =

220001 THRU 224608 502001 THRU 502364

### SORT VAR = MAXABS(MAX-VONM),OPT=12
##%# PRINT 64 84 94 74, NCASES = 500;
BHH HEADING='UPPER OC FLANGES ' VON- MISES STRESS'

01/18/2003 11:06 NASPOST 2.1 PAGE 23

e Y L e R RN RN R R AR R AR AR AR A AL AL AL A

" *

- »

D SUBCASE MAX-VONM MAX- MAX PRIN MAX-MIN.PRIN MAX-MAX-SHR
2.2..1..§.?.§..' ........ 2020 3, 493703E*ﬂﬁ....?.,.“1497.5:..0..-’.'.".?.,,472EBS‘Ei.ﬁf@!’....z.,,o..ﬂ.zZ.?.?“E.t..i?'.'?!' .....................................
221616 2020 3 474432E+04 7.008274E+03 3 é'éa"i717E+D4 1.997332E+04
223076 2007 2 618376E+04 6.278782E+03 2550,3”1,,35&,04 1.488B67E+04
""" 723088 2007 2/604982E+04 5.004770E+03 2.5356404E + '432277E+04
221406 :‘Hzlqg‘n”g”a‘z‘_zvnsewa 2.417852E+04 a.q4\pun7e+o$ 1.198635E+04
. :”221430' 2020 2.275204E+04 za"s‘g“awe»fm 4.697250E+03 1.165554E+04
221454 2020 2 209498E+04 2.285919E+04 4.017681E+03 1.128583E+04

‘### SORT VAR = MAXABS(MAX MAX-PRIN,MAX-MIN- PRIN) OPT=12
### PRINT 64 84 94 74, NCASES = 500;
### HEADING = PRINCIPAL STRESS'

: "UPPER OC FLANGES :
0 i
{ 01/18/2003 11; 08

NASF'OST 2.1

1
H "
M} L]

A L L i i A e R R R R R R R R R L AR R AR LR ARl

+++ UPPER OC FLANGES : PRINCIPAL IQTR:ESS 44

et L e e LI . .l-l.‘

X on .

N

221516* 2020 3. 4744325+u4 7.00827T4E+03 3.641717E+D4 1.997332E+04
221528 2020 3.433703E+04 8.041497E+03 3.472685E+04 2.002778E+04
223088 2007 2.;5049325”»«‘9:4 5.084770E+03 2.56‘6‘4‘54E+0¢; 1.432277E+04
,,,,,, 223076 2007 ‘2‘6'1”5‘375E+054‘ 6.278782E+03 2.560313E+04 1.488867E+04
. 321406 2020 2.327116E+04 ‘3. ‘IJIJIJ7E+03 11des3se+04
. 221430 2020 2.275204E+04 2.359848E+04 4.ss7zsoE+n§ 1.165554E+04
221405 2020 z.i1229795+u:4. 2.343961E+04 1.955747:—;+03'; 1.120915E+04

1.1.3.1-10
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H# SSELECT HEXA- STRESSES IDS = 220001 THRU 224608 502001 THRU 502334
### SORT VAR = MAXABS (MAX-MAX:SHR):OPT=12

_### PRINT 64 84 94 74, NCASES = 500,
###4 HEADING = 'UPPER OC FLANGES ~SHEAR STRESS'

n} .

D1/16/2003 1108 NASFOST 2 1 PAGE 45
LA A RN N R RN R R R R R R R R N R R A N R R R N R R R R R A R R AR R R N A N R A R R R R R ]
- -

- "

B =

C N R R R e R R R R P RS A RN

+++ UPPER OC FLANGES - SHEAR STRESS ++4+

AX-VONM.  MAX-MAX-

221818 2020 3,4744‘4‘3‘25+n4, 7 D08274E+03 3.541717E+04 i”'997332”é‘¥04

1223076 2007 2 616376E+04 6.278782E+03 2 566‘5135+u4'”1.4aaas7_E+o4‘

223088 2007 2.504882E+04 5 094770E+03 2. 566484E+04

-

432277E+04

-

224180 2031 2 197187E+04 4.B806B85E+03 2 177855E+U4 243464E+ 04

.229795'E+04

e

2241858 2031 2.1416B0E+04 4 401327E+03 2.173048E+04

221408 2020 2 327115E+04 2.417852E+04 3 440007E+03 41”‘193535&04

. 221430

697260E+03 1,165554E+04

,275204E+04 2 359848E+U4 .

"221564 2031 2 055B84E+04 5.397592£+03 1 BBBQ44E+04 1”,,14541ae+04

221524 2020 2.15B708E+04 1 329307E+04 2.165361E+04 1 141761E+04
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5. Result: (Cont'd)

i. For Lower Flange:

Maximum Von-Mises, principal, and shear stresses are selected from 192 load cases for Lower Flange.
NASPOST V.2.1 is used to sort out stresses within the load cases.

o lv::23795.52-psi (Load Case 2031, Element ,203639, See p. 1.1.3.1-14)
0 |y '=23719.90 psi (Load Case 2031, Element 203650, See p. 1.1.3.1-15)
0 | '= 12784.08 psi (Load Case 2031,Element 203650,See p. 1.1.3.1-17)

( Elements that had nodes connected in an RBE2 were not considered in the margin of safety calculation
even if the stresses were higher)

.

Margins of Safety,

F.or1
yield MS =Y Y MS = 1.02
Fg v
. tulu
ultimate MS . = -1 MS, =083
YOPS o u 2%
)
shear MS = L] MS = L11
Fsu'[]' 15

1.1.3.1-12
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### $SELECT HEXA-STRESSES;IDS = 200001 THRU 204224 500001 THRU 500384
### SORT VAR = MAXABS (MAX-VONM); QF'..T.A.J..Z .............................................
### PRINT 64 84 94 74; NCASES = 500; o 5
BRH HEADING='LOWER oc FLANGES VDN-MISES STRESS'
D raereary

01116/2003 11:06
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6.0 Fail Safe Analysis

i. For Lower Flange:

Maximum principal, and shear stresses are selected from load case 2054 for the Lower Flange. NASPOST
V.2.1is used to sort out stresses within the load case.

Oy “=22272.47 -psi (Element 500053, See p. 1.1.3.1-19)

0 (1= 11049.59 psi (Element 500053, See p. 1.1.3.1-21)

( Elements that had nodes connected in an RBE2 were not considered in the margin of safety calculation

even if the stresses were higher)

. FSp:=1.0  Fail-Safe Factor of Safety

Margins of Safety,

For
ultimate MS . ="
FSEo i1y
F ot
shear MSSZ~ su_u -1
l;SF‘Ufls

MS = 1.73

MS ¢ = 2.41

1.1.3.1-18
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ii. For Upper Flange:

Maximum principal, and shear stresses are selected from load case 2020 for the Upper Flange. NASPOST
V.2.1is used to sort out stresses within the |oad case.

T fun

0 fus = 2027712 psi

=35909.54 psi

(Element 221516, See p. 1.1.3.1-23)

(Element 500053,See p. 1.1.3.1-23)

( Elements that had nodes connected in an RBE2 were not considered in the margin of safety calculation
even if the stresses were higher)

Margins of Safety,

ultimate

shear

Foy
MS | = o = 1 MS = 0.69
FSFO fuy
Fau
MS =0 1 g MS ¢ = 0.86
FS F'UfUS
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### PRINT 64 84 94 74, NCASES = 500;

### HEADING = 'UPPER DC FLANGES PRINCIF’ALSTRES‘S.'

0

© 02/28/2003 10:45 NASPOST 2.1 " paGE 1
S O S P TP AT ST U S S e
é e "

" *

A P

H t!i!t‘tt!‘.ti‘litt!ti'-iltt)niiittittitii*iiﬁtﬁii'ﬁiiititi-l!.tt.-ttﬁiiﬁi*i*iiit**.l!tttii'iii-nttﬁﬁit**t.iﬁ*ti!i!tttittt-ﬁni*ﬁ'it

221516

221528
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221528

221430
221454

221524
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1 MODEL CHECK-OUT OF OC FLANGE AUGUST 2, 2002 MSC.NASTRAN 4/9/01
FAGE 1068

0
OUTPUT FROM WEIGHT CHECK

0 DEGREES OF FREEDOM SET =G
0 REFERENCE POINT = 0
MO ‘

* 6.410790E+00 2.775558E-17 -2.168404E-18 -8.881784E-14 2.515319E+03 -2.577948E+00 *
* 2.775558E-17 5.410730E+00 -1,387779E-17 -2.515319E+03 5.684342E-14 -2,100329E+00 *
* -2.168404E-18 -1.387779E-17 6.410790DE+00 2.577948E+00 2.100329E+00 -1.110223E-15 "
* _8.881784E-14 -2.515319E+03 2.577948E+00 9.973527E+05 -1.172493E+02 8.379405E+02 *
. * 2.515319E+03 5.684342E-14 2.100329E+00 -1.172493E+02 9.969594E+05 -9.187751E+02 *
* -2 577948E+00 -2.100329E+00 -1,110223E-15 8.379405E+02 -9.187751E+02 1.394058E+04 *
S
* 1.000000E+00 0.00000DE+DO 0.000000E+DD ™
* 0.00000DE+00 1.000000E+00 0.0D0DODE+DD*
* 0.00000DE+00 D.000000E+0D 1.000DODE+0D *

DIRECTION
MASS AXIS SYSTEM (S8) MASS X-C.G. Y-C.G. Z-C.G.
X 6.410790E+00 -1.385443E-14 4.021265E-01 3.923571E+D2
Y 6.410790E+00 -3.275241E-01 8.866B3SE-15 3.923571E+D2
z 6.410790E+00 -3.276241E-01 4.021265E-01 -1.731804E-16

1S)

* 1.044B0GE+D4 1.180939E+02 -1.386131E+01*
* 1,180939E+02 1.005509E+04 -9.270132E+D1 *
* 1.386131E+01 -9.270132E+01 1.393886E+04 *

o)
* 1.394110E+D4 >
y 1.002013E+D4 y
* 1.048078E+04 *
Q

*-3.164162E-03 2.666602E-01 9.637854E-01*
*-2.375237E-02 9.634983E-01 -2.666587E-01 ™
* -9,997129E-01 -2.373593E-02 3.285144E-D3 *

A-1.1.3.1-2
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1 MODEL CHECK-OUT OF OC FLANGE AUGUST 2, 2002 MSC.NASTRAN
4/9/01 PAGE 10

0
0

*** USER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKS OF MATRIXKGG  (G-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02 -
DIRECTION STRAIN ENERGY PASS/FAIL

2.626147E-07 PASS
1.218635E-07 PASS
1.014317E-06 PASS
2.217866E-03 PASS
4.882478E-04 PASS
1.046322E-03 PASS
. SOME POSSIBLE REASONS MAY LEAD TO THE FAILURE:
1. CELASI ELEMENTS CONNECTING TO ONLY ONE GRID POINT;
2. CELASI ELEMENTS CONNECTING TO NON-COINCIDENT FOINTS;
3. CELASI ELEMENTS CONNECTING TO NON-COLINEAR DOF;
4, IMPROPERLY DEFINED DMIG MATRICES;

O ON =

1 MODEL CHECK-OUT OF OC FLANGE AUGUST 2, 2002 MSC.NASTRAN
4/9/01 PAGE 11

0
0

** USER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKS OF MATRIX KNN  (N-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02
DIRECTION STRAIN ENERGY PASS/FAIL

7.900753E-08 PASS
4.105746E-07 PASS
1.525903E-06 PASS
4,349789E-03 PASS
2.323911E-03 PASS
3.658452E-04 PASS
SOME POSSIBLE REASONS MAY LEAD TO THE FAILURE:
1. MULTIPOINT CONSTRAINT EQUATIONS WHICH DO NOT SATISFY RIGID-BODY MOTION;
. 2. RBE3 ELEMENTS FOR WHICH THE INDEPENDENT DEGREE-OF-FREEDOM CANNOT

(=>4, B N SV IR AN

DESCRIBE
ALL POSSIBLE RIGID-BODY MOTIONS.

A-1.1.3.1-3
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D
)
*** USER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKS OF MATRIX KFF  (F-SET) FOLLOW:

PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-D2
DIRECTION STRAIN ENERGY PASS/FAIL

7.800753E-D8 PASS
4.105746E-07 PASS
1.525903E-06 PASS
4.349769E-03 PASS
2.323911E-03 PASS
3.658452E-04 PASS
. SOME POSSIBLE REASONS MAY LEAD TO THE FAILURE:

O ON=

1. CONSTRAINTS WHICH PREVENT RIGID-BODY MOTION.

A-1.1.3.1-4
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Bolt stiffness:
k= 24E1
I} + L*x — Lx*

Where x is the distance between the end of the bolt and the interface between plates as
shown below.

— X —n
L

1]

Derived from Bernoulli-Euler beam theory using the following assumptions:

IA 1) Elongation of bolt due to shear deformation is small,

2) Total shear load in plates being joined is equal and opposite.
3) Shear load in plates being joined is in both cases constant throughout the

thickness.
4) No rotation at either end of beam.

B-1.1.3.1-2



usd

depy juawey SH
{ap 0oe- 0t } 23a0 1040 Joj 3BT AUIFRS RAARS LI

) r_ 19/ <4 ®



151
2
5E1
591
DEZ
LEE
9
ore
BSE
OSE
BY'E
E¥E

19E

S&L
108

[ F]

8i0

dep ueueE  sn
= BIURG0 L} SRHIORYL Pesiaey - { Bep DEL- 0 ) swR0 1qno 20) sEaey SHEGMS MISUSD LNLjuY

Lel'or
EI6LE
95 1SE
FYETE
IEY6T
61L9T
906 £T
PSR LT
T
€3F'S L
[9S9EL
Ligdl
(1>
ELTr
.y




o

M5

e =2~ t(; 17c

{'E;C Lefae 5%

O?

éx;'.jeé'.\

. — - -
j,\i'y ‘aan | DFYES
4

3 5;’:iifs;;E;.§=“’§;F:§
LRI ERRLEELELEE PR EE S AR R AR B AL ML R R RS

L 2 tREEE HEE H FRLELAEE
§REZEECAEUGRNAZTIIZAN
$39833223559005330008
CLERRREMLERE RSP R R R R AR B ERELA L
35&55535 LERRRL b2 R 3L E R R

wwwwwww

011
ais

1

250
212
1%
982
as1
93t
o419
.16
[3<]
o3y

132

0Bt

a4y

025

o.13

«12

20

0.0

057 087

1.04

ass o087 008
074

a#1

a.ns ozr 020 ox 0.3

ae

a10

a.08

008

o

(I.ﬂ

L 040 068
oz 024 oz 051
o015

234
23
181
158
135
o8
080
o34
D18
0.08
o.08
LS o147
D24 0.3
048 084

020 02 o3

033 oz ax 044

o350 [ ¥4 0.3¢ [
o am

o84 0.B8 a5z L1} 053
o o4 ol 037
o57 054 022 3
043 .12
034 .08 004
.10
.19
0.04 04
o004
0\ am

047

a0
190
1m:
187
1%
083

930 026
018

3 o1
o1

015

023

420
o.14
a1z
.14
018

013

024

.2 ] o042
: an
1.1

148

157

1"

0.5 uss a2e
o7
A 110
157
12
15
z10

ot7
0.2
0.05
aos
@17

0.7
119
143
15
1=

s
023 og7 ouF 0as

o3
030
032
0.Z3
07 028

2% 2 208 205
248 201
188
172
150
120
12 ofr

026
025
[ F-]
027
o4
034 aso [E -] 008
044 040

020
as
019
o2t

o8
147
155
184
.80
203

o028

83338 55§§§5§.-5555*55553553553355 5555“55,--55§ﬁ
83585558830 5335255555555.-EEﬁESE!E!ﬂE*EEEEEEﬁE CEERE EELRMHEE
LEEREE R ERLE ELRRE R EREE R R REELELLARERE R FHEEELEEEEHEL LS AT
CEEERRELERL LI M KR R ER ERREE LR FEE RS FEERER L RE
EREREELEEALELELEER LR REE RS LR R EERRLEEEEE
SRR ERE L ELLEE R EERE MR LR R LR R E ERERE R
LEERREEELEEEENERIAE EELELER LIS PR B FEERRE B
CEREERE L FR I LR AL 1 B PMCLEE R B EELE L
8 SPEERERRREEEEEL B R FEEEESA I RELERREL
EEEEEEEERER 3533555555!!55 R ERE
y

118

——————

HCELLHLE EREE ERERERERRE-E BB
CEEREEELERLLELE FERE R M- E3-LHE R
]

2 E
HHHHHHHHEIHHHHHHE A H T

‘I

Minkwum Ganers! Stabity Marghes for Ouler Came (# -39 dag )

o3|

Qa

— ~— — ~
5 ¢ 7
Cn

N
Sk L, &

,"45‘(?.“‘ e



FEO TOV ) \,B\ ygRys Y md,\;«{w@

S | by < 2 i ©) b 2 L 9 B H g 4 |
AN —— TN ~) ~—~ T P P e e ety e e e e~
o'’ 610 L0 10 910 90 S0 SI0 S0 SI0  SI0 S0 S0 910 910 910 L0 210 810 80 610 80 o0 OO0 120 10 €0 €0 SO0 S0 [Puw
g 3 g : )y ' <1 T peo A i
Yy 00C I65) ol Wl s % 00T €T [ 1] LT ®T WT WET 8 06T BT O¢ uT 08t Oo® SL¢ 85¢ S5¢ [ 1] 16 ¢ Ty X ] [ ] 705°'99¢
€ Oy 08 O 82 we WZ WZT 0BT SIT OIT WT 06T T T LT 68T 10e [ 1] ot "ne Ot &t 0 (34 %E Sre wr s L'Y3 LeL'99%8
908 SOy €8¢ LS T ®T %6 %'l L ) 74} & 0% 9T 0T T T oHT T 0t 98 e i Ot €5¢ €98 €5¢ sy uUs oL 008 THE
€L 858 ¢y e T 19T w3 Wi 5 ol [ 4 "wi ok 99 wi T WOF 0wT WS 0T 12 & 19 9T 98 9% 0y RS 6L NL088
05's " (1] g2 W&t oe0T eol [ 43 15 1) ®< o W wi ors w1 W't i o'l P} 85T O 8T LIt Wt WE e Wy 99 %L et
¢ 66T UT 6T W ol v [ S0’ [ ) 960 00 si't 13133 w0l e ®F = ol sri U wi 03 Hne 192 "3 (1] Wy 9% (1) 1Hme
T 082 S .23 460 Y60 60 960 OLO Ko 0 90 160 @90 990 90 €4 60 618 LY 3 111 i ol ol oL L' ¢ 0T ¢ oy [siie
wi st 050 280 050 50 950 650 Ov0 2¥0 SYO 0 20 OO0 190 90 S¥O 080 004 0 08 00 s x4 s 1w Wi %'l 00T ol 90898
Wwo I£0 W0 OX0 SZ0 060 S0 OG0 €20 O KO IS0 €50 950 50 U0 WO 990 a0 €50 $S¥0 S60 WO [ (] o Svi 0 oF) wi yeo'ece
(3] 1o €0 200 90 €10 80 9900 &0 210 S10 90 80 0o o 190 X0 090 w0 80 (73] &0 U0 O 90 00 S0 00d rig ] LT
00 X0 510 220 :Wo WO 900 O0 We 000 W00 W0 WO W0 %0 0 9H0 60 o0 w0 80 20 £60 W0 ©60 w0 Wi w0t ® (33 ) 69V 08
[90'3 SL0 -4 ] o0 900 100 800 000 we 0o o Mo o sio sio 60 -1 %0 %50 ao a0 ol [ 43 o i '3} st e e 990 L8
3 @ oo 990 10 L0 SI0 #1000 WO 0 600 900 00 900 120 020 0 0 990 /50 060 190 O -1 we we 18 WU s
3 -3 (19 $60 [ 1 [ <0 o 0o Ly wo SO0 000 20 010 00 120 oo €0 €0 a0 oo %0 Lo «'l wi 02 0T 120728
] "wi os Wi %0 wo [ 1] 10 00 200 w0 00 wo 00 wo olo 900 81’0 €10 (-1 ozo 1] oco oo wo Wi oks IS
3 o’y 80 o Pig] ”°o 060 @Zo w00 €00 we 100 woe T woe 00 00 S00 000 wo 200 00 900 wo [ 1] ”%0 %50 900918
0 60 %0 90 <o 20 1zo 8o 000 o0 ore we e sie it e 00 W0 00 000 0o o 900 S10 00 €0 6’0 yegcis
190 oo S50 %0 8’0 980 o o ”woe W Ho e e o T W Wo We 00 W W0 $00 010 10 000 [ 4 00 12’018
0 oo iS50 950 "o 10 00 w00 oo o L% - e sio 0o we o W0 0o ¥00 woe %o e €20 €10 00 8o 698°L08
os"} wi 90 S50 €10 800 S00 €00 no  so- ”ne wWe o ' 00  ¥00 oo o0 800 st'o e o 610 S50 €50 %0 260 991°908
2 4 0 %0 L 4] 100 00 200 0o e si'o- s 100 we W €00 "o a0 €0 o 0 %0 8o 150 0t 8L’s > 43 203 e 208
6Z0 [ 4] 0 <0 woe- o W 000 a0 e «0o 900 S00 €00 s <0 o wo oro %50 iS50 «o "o (13 i [1.1) " 159’68
$T0 00 00 o ore- Ssoo-  we 200 ®wo oo 0o S1'0 4v0 110 150 o o €90 £90 £80 S80 13 ”wi €9’} « »i o 614968
00 100 e wWoe W WO 00 wer 200 800 20 SE0 wo %50 £ &0 60 60 W 8t ol W &5 whr t-4 3 " [908°C62
0 ”o <O 0 100 113 6o w7o 1%} 910 ”o o is0 850 w0 w01 0k >33 et i Is's 9l sri 032 " L1y ] et 900" 16T
] =43 ”o 190 &0 o 0 05’0 ”°o €0 wo «o %0 000 o 5t L1 el st S6'L W €12 nwa >4 e (1 (224
i %0 a0 (-4 - 13

H]
3
g
H
38
8
g
g
§

- TR TR Jeed
% ~ . STy, - (Bop 00~ 081 ) 8983 20910 J0§ SUBIYY ARG IUSD) WA
\ vh ow

SCOYS  SSouyVIH v(,w,h\rm

.U\m\ww _ . . } oaro) ',: ‘M




Section 1.1.4 SUPPORT RINGS
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Title

Stress Analysis for Support Rings

COMPONENT: Vacuum Case Support Rings, SDG38135784 (Upper) and SDG38135785 (Lower)

MARGINS OF SAFETY:

PART Material Elem D Subcase MSu Page

Upper Ring Al 7050-T7452 | 335196 Lnch 1016 0.075 8

Lower Ring Al 705D-T7452 | 352047 Lndg 2020 0.03 _ 9
INTRODUCTION:

The Support Rings, manufactured from Al Aly 7050-T7452, are connected to the Outer Cylinder and
the Conical Flange. One at the top and another at the bottom of the Vacuum Case (VC). Figure 1
shows the VC. The ring segments hetween the USS-02 interface plates and the strap ports are
machined into a "J" shape cross-section (Figure 5). The upper support ring is shown on Figure 2 and
the lower support ring is shown on Figure 3. A model of the USS-02 is also included.

LOADS:
Load factors were applied as specified in the Structural Verification Plan for the launch and landing
scenarios, plus an external 1-atm pressure load. Jobs were run for a selected 12 of 64 |launch cases and
19 of 64 landing cases., These were compared to select the worst case for each ring. The results from
these two cases were examined in detail and the lowest margins of safety were calculated for each ring.

CONSTRAINTS:

The AMS-02 FEM shown in Figure 4 is constrained at four trunnion and one keel locations, as it would
be constrained in the shuttle cargo bay. The keel is fixed in the AMS-02 y-direction. The primary
trunnions, located on the positive side of the x-axis, are fixed in the x- and z-directions. The secondary
trunnions are fixed in the z-directions.

FACTORS OF SAFETY

A factor of safety of 1.4 is used on ultimate and 1.1 on yield. The temperature reduction factor at
140 def F is 0.92 for ultimate and 0.98 for yield.

MATH MODEL METHOD:

a. The Finite Element Model (FEM), composed primarily of CHEXA and CPENTA solid elements, was
orginally generated in IDEAS and modified with FEMAP. The gussets on the inside of the USS-02
interface plates are modeled with 2-D CQUAD4 and CTRIA3 elerments. See Table 1.

b. Using CBUSH's, the "J-section" model was then respectively attached to the Conical Flanges at both
ends of the Vacuum Case (VC) and to the Outer Cylinder. In the AMS-02 coordinate system, translations
were fixed while rotations were set free for the CBUSH's representing bolts. Contact is simulated only in
the z-direction using RBE2's. 64 bolt connections were modeled at each Conical Flange joint. 128 bolt
connections were modelsd at each end of the VC for the Outer Cylinder joints.

c. The strap ports are modeled as a point at the center of of the strap load-path with multiple rigid
element "legs" fanning out to connect to the open "J-section” faces at the edge of the straF ports, This
configuration was based on the assumption that the strap port sections will be considerably stiffer than
the rest of the ring. Six of the plumbing ports are modeled in a similar manner. The rest are modeled as
straight gussets on the outside face, making them |ook like boxed in holes.

d. The "J-section" design will employ 3/8" deep "pockets" along the inside surface of the conical flange
attachment end. The model takes a conservative approach by modeling 1/2" deep pockets instead.
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Figure 1. Vacuum Case Model
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. Figure 2. Upper Support Ring

. Figure 3. Lower Support Ring
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4% Trunnion

Figure 4. USS-02 Model
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MODEL CHECKS:

The results of the Support Rings model check for the KGG, KNN, KAA and Six ngld Body Modes and
Weight are listed below:

MATRIX CHECK KGG - 6 X6 SQUARE MATRIX
-1.5972D-06 -3.1791D-07 8.6282D-08 ~7.0392D-06 -1.0779D-05 2.9280D-05
-1.0020D-06 —1.49640—66 5.4602D-07 1.6210D-05 2.1070D-05 -2.2836D-06
4.8262D-08 1.8339D-07 4.0349D-06 -2.6387D-05 3.6033D-05 1.4187D-06
-5.9084D-06 1.4489D-05 3.1310D-05 5.9904D-03 2.4163D-03 1.1696D-03
3.8176D-07 5.6411D-06 1.1895D-04 -7.7771D-04 2.4313D-03 -4.4227D-04
2.7474D-05 -2.3449D-05 1.9045D-06 1.0187D-03 1.3170D-04 -5.6691D-03
. MATRIX CHECK KNN - 6 X 6 SQUARE MATRIX

-2.6851D-06 2.5398D-07 4.2091D-07 ~1,5351D-05 -7.1948D-07 1.8755D-04
2.8504D-06 4.8381D-07 -1.0300D-07 9.7787D-05 3,3754D-05 -2.7509D-06
2.1820D-07 3.3744D-07 6.1342D-06 1.1369D-04 2.,5150D-05 -4.1168D-06

~1.6549D-05 3.2698D-05 -1.8229D-04 -6.2392D~03 -4.5831D-03 6.9793D-04
8.0342D~05 2.5311D-05 1.6122D-04 7.2350D-04 5.3212D-03 -4.6316D-03
8.7111D-05 1.3850D-05 5.2903D-06 9.5371D-04 -1.8196D-03 -1.1741D-02

MATRIX CHECK KAA - B X6 SQUARE MATRIX

-2.6851D~06 2.5398D-07 4.2091D-07 -1.5351D-05 -7.1948D-07 1.9755D-04
2.8504D-06 4.83B1D-07 -1.0300D-07 9.7787D-05 3.3754D-05 -2.7509D-06
2.1820D-07 3.3744D-07 §6.1342D-06 1.1368D-04 2.5150D-05 -4.1168D-D6

-1.6549D-05 3.2698D-05 -1.8229D-04 -6.2392D-03 -4.5831D-03 6.9793D-04
8.0342D-05 2.5311D-05 1.6122D-04 7.2350D-04 5.3212D-03 -4.6316D-03
8.7111D-05 1.3850D-05 5.2903D-06 9.5371D-04

-1.8186D-D03 -1.1741D-02
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MODEL CHECKS |Continued):
EIGENVALUE ANALYSIS SUMMARY
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 -6.077007E-04 2,.465159E-02 3.923422E-03 1.000000E+00 ~6.077007E~D4
2 2 -4.343974E-04 2.084220E-02 3.317139E-03 1.000000E+00 -4.343874E-04
3 3 -1.359902E-04 1.166148E-02 1.855983E-03 1.000000E+00D -1.359202E-04
4 4 -1.832184E-05 4._.280401E~03 6.812470E-04 1.000000E4D0 -1.8321B4E~-05
5 5 2.195145E-04 1.481602E-02 2.358043E-03 1.000000E+00 2.195145E-04
3 & 2.391567E-04 1.546465E~-02 2.461282E-03 1.000000E+00 2.391567E-04
7 7 9.074410E+07 9.525970E+03 1.516105E+03 1.000000E+00 9.074410E+07
] 8 1.431702E+08 1.196538E+04 1.904349E+03 1.000000E+00 1.431702E+08
DIRECTION
MA3SS AXIS SYSTEM [S) MASS X-C.G. Y-C.G. Z-C.G.
X 5.770055E+00 1.161673%E~16 3.328969E-05 ~3,891540E-04
Y 5.770055E+00 2.013338E-04 3.630246E-16 -3.891540E-04
Z 5.770055E+00 2.013338E-04 3.328969E~05 -1,724357E-16

*  9.07728BE+03 1.
* 1,238237E+02 8.
* ~6.767632E+01 -1.

I(S)
238237E+02 ~6.767632E+01 *
710209E+03 -1.082884E+0D2 *
0828B4E+02 1.214923E+04 *

*  9,114795E+03

©.553534E~01 2.
* -2.8526891E-01 9.
* ~1.,076990E-02 -3.

MASS CALCULATION OF VC.DAT

MVCP :=5.77006-386.09-1bf

MASS and CG
Model Mass: 2228 Ibf

Hardware Mass: 2384 |bf

I4(Q)
B.667973E+03 *
1.215396E+04 *
»;
947361E-01 2.074795E-02 *
549214E-01 3.06B08BE-02 *
543731E-02 9.993139E-01 *

MVCP = 2228 <lbt

Model CG: -0.47 in, -0.08 in, 0.06 in

Hardware CG: -0.60 in, -0.151n, 0.11 in
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Figure 5. Example of Rings' "J" Section.
Table 1. Element Identification for Support Rings Finite Element Model.
Elements Material ID Property ID Element ID
RBE's Not Applicable | Not Applicable 300000-304999
Solid Elements attached to RBE’s (Top R) | MAT 200002 PSOLID 200003 200000-219999
Solid Elements attached to RBE's (Bot R) | MAT 200002 PSOLID 200003 220000-239000
Gusset Plates (Top Ring) MAT 200002 PSHELL 200004,-6,-8 | 240000-246999
Gusset Base Plates (Top Ring) MAT 200002 PSHELL 200005 247000-249999
(usset Plates (Bottom Ring) MAT 200002 PSHELL 200004,-6,-8 | 250000-257999
Gusset Base Plates (Bottom Ring) MAT 200002 PSHELL 200005 258000-255999
Solid Elements on the Top Ring MAT 200002 PSOLID 200003 310000-349999
Solid Elements on the Bottom Ring MAT 200002 PSOLID 200003 350000-359999

RESULTS:

The Contour Plots of the analysis results include high stresses at connections between RBE's and
the solid elements. The stresses at these locations are not real. Nodes at these points displayed
high stress values as a result of the infinite rigidity and the point attachment of the RBE element.
Because the connections are not continuous in the math model, as they would be in an all-solid
element model, the high stresses at these locations are artificial, and are not included in the
strength calculations.
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Title Stress Analysis for Support Rings

PART: Upper Ring, SDG39135784

ANALYSIS: Tension and Shear

Load: Launch and Landing Load Factors and Atmospheric Pressure

STRESSES: Subcase 1016, Elem|D 335198, Ref. Page A-1

Minimum Principal Stress: 0 1nin = 39700-psi
Von Mises Stress: 0 yon '=37700psi
Max Shear: T max = 19300-psi

Material: Al Alloy 7050-T7452, Rolled Ring Hand Forging, AMS 4108, 6.5 into 6.75 in Thick

(Reference: MIL-HDBK-5H, Table 3.7.3.0(d), Page 3-313)

Ftu :=55000 psi Fty :=51000-psi Fsu :=40000-psi

Temperature Reduction: At 140 degF

Flu:=0.92
FTy :=0,98
Factor of Safety:
FSu:=14
FSy:=1.1

Margin of Safety:

M8y = Flu MSu = 0.076
FSuo min

Msy =Y MSy =021
Fby-uvon

Mssu =L FT0 MSsu = 0.36
FSut

, ultimate

, yield

, ultimate

, yield

,ultimate

yield

,shear ultimate
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Title Stress Analysis for Support Rings

PART: Lower Ring, SDG39135785

ANALYSIS: Tension and Shear

Load: Launch and Landing Load Factors and Atmospheric Pressure

STRESSES: Subcase 2020, Elem |D 352047, Ref. Page A-2

Minimum Principal Stress: O pin = 41300-psi

Von Mises Stress: 0 yon = 36600-psi

Max Shear: T max -= 20700-psi

Al Alloy 7050-T7452, Rolled Ring Hand Forging, AMS 4108, 6.5 in to 5.75 in Thick
(Reference: MIL-HDBK-5H, Table 3.7.3.0(d), Page 3-313)

Material:

Ftu :=65000-psi Fty :=51000-psi Fsu :=40000-psi

Temperature Reduction: At 140 degF

FTu:=092 , ultimate
FTy :=0.98 ,yield
Factor of Safety:
FSu:=1.4 , ultimate
FSy =1.1 ,yield:
Margin of Safety:
Msu = F T MSu = 0.03 ultimate
FSu-o i
Msy = LTy MSy = 0.24 ield
FSy-¢ yon
MSsu ;= FsuFTu -1 MSsu= 0.27 ,shear ultimate
FSut .y
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' 2) In structural analysis, factors of safety are 1.4 and 1.1 for ultimate and y;eld"ké'&;i} respeéiii}'éiy """
3) Margin of Safety that is greater tiid}z 3.0is déf }zed as ngh M S S S
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Part Information Structural Analysis
Member DWG. No. Specification Material |Load Type| Load or Stress M.S. | Ref Page
Applied | Allowahle
Lower Port 7050-T7452| A,S,Bg | 41201psi | 65000 psi 0.04 1.1.4.1-10
Upper Port 7050-T7452| A,S,Bg | 42558 psi| 65000 psi D.0D4 |1.1.4.1-13
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1. Introduction:

Figure 1 shows locations of Upper and Lower Strap Port models in Vacuum Case. The inner and outer views are

shown in Figures 2 and 3.

Figure 1. Location of Ports in Vacuum Case Model.

1.1.41-2
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1. Introduction: (Cont'd)

Figure 2. Outer View of Port

Figure 3. Inner View of Port
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2. Method:

a. The Upper and Lower Strap Ports are imported in FEMAP V.8.0 from the parasolid models.

b. These ports are auto-meshed as 10-Noded CTETRA elements. Material is 7050-T7452 Aluminum.
i. For Upper Port: Node IDs: 200001 - 206055; Element IDs: 200001 - 203023. ‘
ii. For Lower Port: Node IDs: 210001 - 215603; Element IDs: 210001 - 212828.

¢. Their FEA math models are imported into the Upper and Lower Support Rings at correct locations
in the Vacuum Case.
d. RBE3 elements with DOF (123) are used for connection between ports and Support Rings.

e. RBE2 elements with DOF(123456) are used for connection between ports and Conical Flanges and
Outer Cylinder
f. External 1-atm pressure is applied on ports. The strap load is also included.

g. The entire AMS-02 model is analyzed by using MSC/NASTRAN V.70.7.

3. Model Information:
a. The NASTRAN data file is at: /hsm/phoang/ams2/sport/sport.blk.

b. The model check of Vacuum Case including Upper and Lower Strap Ports is performed. The results below
show that the FEA math model is correct. NASTRAN output format is enclosed in Appendix A.

i, For matrix KGG:

RESULTS OF RIGID BODY CHECKS OF MATRIXKGG  (G-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02
DIRECTION STRAIN ENERGY PASS/FAIL

1.982117E-07 PASS
5.984120E-07 PASS
3.928284E-07 PASS
2.112136E-04 PASS
9.516551E-08 PASS
1.578020E-04 PASS

O hWN =

ii. For matrix KNN:

RESULTS OF RIGID BODY CHECKS OF MATRIXKNN  (N-SET) FOLLOW:
PRINT RESULTS N ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-02
DIRECTION STRAIN ENERGY PASS/FAIL

9.397360E-08 PASS
2.078145E-07 PASS
4.518877E-07 PASS
4.567843E-04 PASS
8.4098B44E-05 PASS
4.956941E-05 PASS

oMbdh N -

1.1.4.1-4
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iii.For matrix KFF:

RESULTS OF RIGID BODY CHECKS OF MATRIX KFF
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.00000DE-D2

DIRECTION STRAIN ENERGY
1 9.397360DE-D8 PASS
2 2.078145E-07 PASS
3 4.518677E-07 PASS
4 4.667843E-04 PASS
5 8.409844E-05 PASS
6 4. 956941E-05 PASS

. 3. Model Information: (Cont'd)

iv.Eigenvalue Summary: First six modes are zero; transition modes are well separated.

MODE
NO.

©C o N WN =

-
o

EIGENVALUE

-3.16E-07
-1.55E-07
-7.67E-D8
3.58E-07
5.38E-07

7.73E-07
2.21E+05

3.40E+05
3.6DE+05
3.97E+05

PASS/FAIL

(F-SET) FOLLOW:

RADIANS CYCLES GENERALIZED GENERALIZED
MASS STIFFNESS
5.62E-04 8.94E-05 1.00E+00D -3.16E-07
3.94E-04 6.26E-05 1.0DE+DO -1.85E-07
2.77E-D4 4.41E-05 1.00E+00D -7.67E-08
5.98E-04 9.52E-05 1.00E+00 3.58E-07
7.34E-04 1.17E-04 1.00E+DD 5.38E-07
8.79E-04 1.40E-D4 1.00E+DOD 7.73E-07
4.71E+02 7.49E+01 1.00E+0D 2.21E+05
5.83E+02 8.28E+D1 1.00E+00 3.4DE+05
6.00E+02 9.55E+01 1.00E+0D 3.60E+05
6.22E+02 9.90E+01 1.00E+D0 3.87E+05

1.1.4.1-5
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v. Weight Summary: (Total weight = 386.0886 * MASS = 386.0886 * 6.330856 = 2444.3 Ibf)
(The actual hardware weighs ??77?)

OUTPUT FROM WEIGHT CHECK

0 DEGREES OF FREEDOM SET = G
D REFERENCE POINT = 0
MO

* B.330856E+00 0.000000E+DD 1.581251E-17 -1.776357E-14 2.4837D0E+03 -5.326309E+00 *
* 0.0D0DODE~+DD 6.330856E+D0 2.949030E-17 -2.483700E+03 -1.030287E-13 -4.700239E+00 *
* 1.561251E-17 2.940030E-17 6.330856E+00 5.326309E+00 4.700239E+00 -1.565335E-15 *
*-1.776357E-14 -2.483700E+03 5.326309E+00 9.846488E+05-2.015738E+02 1.842118E+03 *
* 2.483700E+03 -1.030287E-13 4.700239E+00 -2.015738E+02 9.842820E+05 -2.027548E+03 *
* -5.326309E+00 -4.7D0239E+00 -1.665335E-15 1.842119E+03 -2.027548E+03 1.371200E+04 *
S

* 1.000000E+00 0.000000E+DO D.00DODOE+DO *

* 0.0D000DE+D0 1.000000E+00 0.000000E+00 *

* D.000DOOE+DO D.000000E+DO 1.00DOCOE+DO *

DIRECTION
MASS AXIS SYSTEM (S) MASS XC.G Y-C.G. Z-C.G.
X B6.330856E+00 -2.805872E-15 8.413252E-01 3.923167E+02
Y 6.330856E+00  -7.424334E-01 -1.527405E-14 3.923167E+02
z 6.330856E+DD  -7.424334E-01 8.413252E-01 -2.5630604E-16

11S)
* 1.024710E+04 2.055282E+02 1.863037E+00 *
2.055282E+02 9.881369E+03 -6.205128E+01 *
* 1,BB3D37E+00 -6.205128E+01 1.370403E+04 *

*

IQ

* 1,370505E+04 .

* 8.788336E403 *

* 1.033912E+04 *
Q

* 1.507607E-03 4.087577E-01 9.126417E-01*
*-1.630778E-02 9.125314E-01 -4.086814E-D1 *
*-9.998659E-01 -1.426703E-02 8.0416569E-03 *

1.1.41-6
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3. Model Information: (Cont'd)

c. Additional model checks are based on the Trunion and Strap loads. These loads in Strap Port model for each
load case are closely matched with those in the Load model. Tables 1 thru 4 show the comparision between
these loads.

Load STRAP FORCES |[lbs)
Case | 50001 | 90002 | 90003 | 90004 | 90005 | 90006 | 90007 | 90008 | 90009 | 90010 | 90011 | 90012 | 90013 | 900 | 90015 | 90016

1054 | g693.0 | 4663.2| 9597.1| 7705.7 | 9624.2 | 1449.4 | 18915.6 | 1826.9 | 1334.3 | 1678.8 | 3257.1] 2519.2| 10164 | 373.9 | 3258.7 | 1IR55.8
2056 | 64319 | 4316.4 | 1242.6| 9315.0 | 31910 | 13219 |22520.7| 2613.6 | 1546.8 | 2208.1 | 1770.9 | 8217.0 | 155.8 | 1393.3 | 2386.8 | 7M5.6

Table 1 STRAP FORCES FROM LOAD MODEL 6-02

. Load STRAP FORCES |Ibs)

case | 90001 | 90002 | 0003 | 90004 | 90005 | 90006 | 90007 | 90008 | 90009 | 90010 | 90011 [ 90012 | DOD13 | 900K | 00K | 900%
1054 | 87865 | 47175 | 97%6.9 | 7898.5 | 95887 | 1389.1 [ 186108 | 18322 | 1334.1 | 1680.0 | 3166.0 | 12447.2| 998.8 | 1B67.2 | 32171 | 21024
2056 | 6507.5 | 43845 | 13819 | 9573.0 | 3153.6 | 1266.7 [22189.7| 2707.4 | 1547.6 | 2330.2 | 7764.6 | 8092.8 | 1137.7 | 1386.4 | 23078 | 73756

Load PERCENT DIFFERENCE IN STRAP FORCES |%)
| Case | 90001 | 90002 | 20003 | 90004 | 90005 | 90006 | 90007 | 90008 | 90009 | 90010 | 90011 | 90012 | 90013 | S00M | 9001 | 90016

1054 11 12 12 25 0.4 42 1.6 0.3 0.0 D1 27 0.6 16 0.5 13 21

2056 12 18 12 28 12 42 15 36 01 18 D4 15 16 05 33 3z

Table 3. PERCENT DIFFERENCE IN STRAP FORCES BETWEEN LOAD MODEL AND STRAP-PORT MODEL

1.1.4.1-7
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3. Model [nformation: (Cont'd)
TRUNNION FORCES (Ibs) Differences
D SUBCASE From Load Model From Strap-Port Model FX FY FZ
FX FY Fz FX FY FZ tbs) | %) | oes) | ) | abs) | (%)
1 1054 317591 0.0 -50372.5 | 32286.6 0.0 -50030.5| 527.5 | 1.7 - - 342.0| 0.7
2 1054 53751.6 0.0 -46474.3 | 53856.1 0.0 -46817.8 | 1045 | 0.2 - - 3435 0.7
3 1054 0.0 0.0 -123.6 0.0 0.0 18.6 - - - - 142,2 | 1151
4 1054 0.0 0.0 8459.3 0.0 0.0 B557.4 - - - - 98.1 1.2
5 1054 0.0 24003.7 0.0 0.0 22988.5 0.0 - - 1015.1| 4.2 - -
1 2056 23187.4 0.0 -22654.4 | 23724.8 0.0 -22298.7 | 537.3 | 2.3 - - 3578 1.6
2 2056 44309.0 0.0 -19643.3 | 44408.1 0.0 -20033.8| 99.1 0.2 - . 3905 | 2.0
3 2056 0.0 0.0 «29166.7 0.0 0.0 -28968.,2 - - - - 198.6 | 0.7
4 2056 0.0 0.0 -26032.4 0.0 0.0 -25726.8 - - - - 3055 1.2
5 2056 0.0 29998.5 0.0 0.0 28985.5 0.0 - - 1014.0| 3.4 - -
‘Table 4. CHECK OF TRUNNION LOADS

1.1.4.1-8
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4. |oad and Constraint:

The entire AMS-02 math model is constrained at five Trunion locations whose GRID IDs are 1 and 2 with DOF(13),
3 and 4 with DOF (3), and 5 with DOF (2).

A number of load cases under the launch and landing situations were investigated in order to indentify the worst
load cases. Based on these investigation, the worst ones are load cases R1054 and R2056 under the launching

situation.

The details of load factors for the warst cases are listed below. The load factors are applied at C.G. of the entire
AMS-02 math model when running NASTRAN.

Load Case Nx (g) Ny (9) Nz (@ Rx (rad/sec’2) Ry (rad/sec’2) Rz (rad/sec’2)
1054 -5.7 -1.6 5.9 -10 25 -18
2056 -4.5 -2 6.5 -20 -35 -156

(Ref. Table 1, p. 14 of AMS-02 Structural Verification Plan for STS and 1SS, JSC-28792, Rev. A)

5. Result:
Material Properties : 7050-T7452 AL (Ref. MIL-HDBK-5H, Table 3.7.3.0(d))
F gy = 65107 psi

F yyi=51-107 psi

y
F gy 1=40-10° psi

Factor of Safety, FS =14 FSy =1.1

Temperature reduction factor at 140° F,

¥y =092 Vyi= 0.98 (Ref. MIL-HDBK-5H, Figure 3.7.3.2.1)

1.1.4.1-9
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5, Result: (Cont'd)

i. For Lower Port:

Maximum Von-Mises, principal, and shear stresses for load case 2056 in Lower Port respectively are :

O ly.max ‘= 92593.96 psi (Ref. Appendix B, p. 1.1.4.1-23)
O Ju.max ‘= 64534.77 psi (Ref. Appendix B, p. 1.1.4.1-24)
T |s.max = 29340.61 psi ‘ (Ref. Appendix B, p. 1.1.4.1-25)

Stress contour plots are shown in Figures 4 and 5.

Pages 1.1.4.1-23 to 1.1.4.1-25 shows the stress values sorted by NASPOST V.2.1, Those elements that had a
node involved in an RBE type connection were not considered in the margin of safety calculations.

Therefore, the following stresses are recorded.:

. 0 1y '=37949.83 psi (Ref. Appendix B, p. 1.1.4.1-23, element 210816)
6 1y :=41201.31psi (Ref. Appendix B, p.1.1.4.1-24, element 210858 )
0 g +=20046.50 psi (Ref. Appendix B, p.1.1.4.1-25, element 210816 )
~ - tyly
Margins of Safety, MS y = -1 MS y= .2
FS yO ly
F
MS = 8 g MS |, = 0.04 5
FSyo
Fau?
Ms = ¥ MS = 0.31
FSyos

1.1.4.1-10
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5i. For Lower Port: (Cont'd)

V1
L777
G7

'_7//(4

z
|

e
\X

OutputSet Case 1Time 6.
Contour: Solid Min Prin Stress

Figure 5. Lower Port : Maximum Min-Principal Stress
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5. Result: (Cont'd)

ii. For Upper Port:

Maximum Von-Mises, principal, and shear stresses occurred for load case 1054 in the Upper Fort. NASPOST
V.2.1is used to sort out stresses within load case R1054

0 yy.max = 151579.8-psi (Ref. Appendix B, p. 1.1.4.1-26)
O yumax = 1174703 psi (Ref. Appendix B, p. 1.1.4.1-30)
O us.max = 87207.87 psi (Ref. Appendix B, p. 1.1.4,1-35)

Stress contour plots are shown in Figures 6 and 7.

Pages 1.1.4.1-26 thru 1.1.4.1-37shows the stress values sorted by NASPOST V.2.1. Those elements having a
node involved in an RBE type connection were not used in the margin of safety calculation. Also, elements that
were located in corners or edges with excessive stresses were not used in the margin of safety calculation. The
fillets or rounds at these corners/edges were not incorporated in the finite element model leading to higher than

reasonably expected stresses.

Therefore, the following stresses are recorded:

Ty 1= 44105.01 -psi (Ref. Appendix B, p. 1.1.4.1-28, element 201217)
0 gy ~=42557.66 psi (Ref. Appendix B, p. 1.1.4.1-34, element 200156)
T s = 25733.8D psi (Ref. Appendix B, p. 1.1.4.1-37, element 201921)
F.7
Margins of Safety, MS ::_:_t_v_y_ 1 MS = 0.03
- }‘Sy'rr uy -
Fi -y -
MS = Y MS | = 3.68¢10 ° Ty
FS 0 uu
|
MS =0 2] MS ¢ = 0.02

1.1.4.1-13
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CHECK-OUT OF STRAP PORTS AUGUST 20, 2002 MSC.NASTRAN 4/ 91

QUTPUT FROM WEIGHT CHECK
DEGREES OF FREEDOMSET =6
REFERENCEPOINT = D
MO
* 5.3308562+00 0.000000E+H00 1,5612516-17 -1.7763575-14 2.483700E+08 -5.326300+00
* 0.DODODOE+0 6.330856E+00 2.9490305-17 -2.483700E+03 -1.0302876E-13 -4.700239+00 *
* 1,5612516-17 2.9490805-17 6.330856E+00 5.3263095+00 4.700239E+00-1.665336-15™
* .1 776357614 -2.483700EH08 5,3263005+00 9.8464885+05 -2 015738EH12 1.842119E+03 *
* 2 ARI700E4+03 -1.0302876-13 4.700230E+00 -2.015738EH2 9.8428206+05 -2 027548+03 *
* .5.306300E+00 -4, 700239E+00 -1.665335E-15 1.8421195+03 -2. (27548E+03 1.371200E+04 *
S
* 1.000000E+00 D.D00000E+00 0.0D00000EHIO *
* D.DODDDDE+O0 1.000000E+00 0.000000E+HD0 *
* D,000000&+00 D.DODOODE+0D 1.000000E+00 *
DIRECTION
MASSAXSSYSTEM () MASS XCG Y-CG. ZCG,
X B.A308S6EH0  -2.805972815 B.4132652E01 3.923167E+HR2
Y B.330850E+00  -7.424334E-01 -1.6274056-14 3.923167E+H02
Z 6.330856+00 -7.424334E-01 8.413252601 -2 63050416
1S
* 1,024710+04 2 055282E+H02 1.863037+00*
* 2 D5E28PEH2 0.881369E+H03 -6,2051286+H01 *
* 1.863037E+00 -6.2051285+01 1.370403E+H04 *

1Q
* 1.370606E+04 .
* 9.788336E+03 *
* 1.083912E+04 *
Q

* 1.507607E-03 4.08757701 812641701
*-1.6307785-02 9.125314E-01 -4.086814E-01*
*-8.998650E-01 -1.4267035-02 8.041669-03*

1.1.4.1-17
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1 M. GHKOI G- STRP RCRTS AUGLET 20 202 VBCNASTRAN 4901 PACE B
® .
0

= LEERINFCRVATICNVESSACE 7570 ((PNGID)

RESLTS CFRADBCDY OHEKS CFVATRXKEG  (GSET) FALLON

FRNTRESLLTSINALL SXORECTIONS ACANST THELUMT CF 1.00000(E(R
ORECICON  STRANBNERY  PASSFAL

192117807 PASS

SBMAEDT PSS

AL PASS

21121BE0 PASS

Q51E661EG PSS

15AEM  PASS

SOME ROBSHLE REASONS MAY LEAD TOTHEFALLIRE
1. CHAS HBVENTS CONNECTING TOCONLY CNEGRDFONT,
2 (ELAS H.EVENTS CONNBCTING TONONGONICENT FONTS
3 (AAS B BVENTS CONNECTING TONONCOCLINEAR OCF,
4 INFROFERLY CEANEDCMGVATRCES

O h WN =

. MCCH. GHEIKQUT CF STROPRCRTS AUGLST 20 202 VBCNASTRIN 4901 PAGE 9

0
0

s | BERINFORVIT ONMVESSAGE 7570 (GPNGID)

RESLLTS OFRADBODY CHEKS CFMATRXKNN -+ (NSET) FOLLON
FRINTRESLLTSINALL SIXDIRECTICNS AGANST THELMT CF 1. 000I(E®
DRECTICN  STRANENERGY  PASSFAL

QIHE®R PSS
20BUEX  PASS
ASITEQ  PASS
AFTHEN  PASS
SAERG  PASS
AFHERG  PASS
SOMVEROSSHLEREASCNSMAY LEAD TO THE FAILLRE
1. MLTIROINT CCNSTRAINT BCLATICNS WH CHDONOT SATISFY RGDBECDYMOTICN
2 REE3 HLEVENTS FORVH CHTHE INCEFENDENT [EAREE-CRFREEDCMICANNDT CESCREE
. AL FOSSH ERGDECDYMITIONS

DO WN -
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1 MIH. X0 OF SIRPRRTS AUGET 20 201 VBCNASTRAN 4901 PACE 738

»+_EERINFCRVINI ONVESSAGE 7570 (PAGID)

FESLLTS CFRGDBDY HEKSCFMNRXKF  [FSET) FOLLOAY
FRNTRESLLTSINALL SXORECTIONS AGANSTTHELIMT CF - 1.000000E
ORECION  STRANENERGY  PASSFAL

QPAEEB PSS
20BUR0 PSS
AS1IBTTR07  PASS
ABBAEN  PASS
BABMED PSS
4BDIED  PASS
SMEFCSSBEREASONSMY LEAD TO THEFALLRE
1. OONSTRANTSVWH CHFREVENT RADBBECY MOTICN

O hWON-

. 1 MODEL CHEOKOUT OF STRAP FCRTS AUALST 20, 202 MECNASTRAN 4/ 901 PAGE 1581
- 0

REAL EIGENVALUES
MIE EXTRACTICN HGENALE RADIANS CYOLES EEFRAUIZED B\
CREER MASS STAANESS
1 J1BFEEF S6172EM  A%0K4E(E  1000000EHD  -315836E07
2 ASSHEX 30OEEE(4  6XBNE0 1000000EHD  -1.54680E07
3 JHBAER 2786EN  440MB81EG  1000000EHD  -7857/64E08
4 358E07  S59RHRE(d 951731606 1000000EHD  35/8RF
5 SBYAEE 7//4EN 16EBE0 100000ED) SBUERlr
6 770FEN 87EBLEM 13IBAE0  1000ED 77040
7 22M4FEHE  4T0EEHR 7486108401 1000000EHD  22145EHX
8 JOUBIEHE SERZZEHR  9206FH01  10000EHD  340UBIEHE
9 J3FO00EHE SRR 9540601 1000000EHD  3SSE0EH(E
10 26714EHH  62X24EEHR 990ME01  1000000EHD 387194

5‘com\f03m.hmm_x5
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STITLE

$SUBTITLE= 2
SLABEL = INERTIAL LOADS/LANDING
$SPCF 4
$REAL OUTPUT 5
$SUBCASE ID = 1054 6
1 G  3.228659E+04  0.0D00DOE+00 -5.003053E+04
-CONT- 0.000000E+00  0.DOODDDOE+00  D.DDODDDE+0D
2 G  5.385608E+04  D.000000E+00 -4.68178DE+D4
-CONT- 0.000000E+00  0.000000E+00  0.0DDODDE+DO
3 G  0.000000E+00  0.000000E+00  1.862313E+0D1
-CONT- 0.000000E+00  D.00000DE+0D  0.000000E+00
4 G  0.000000E+00  0.0DDODOE+D0  8.557398E+03
-CONT- 0.000000E+00  0.00D000E+00  0.000D0DDE+DD
5 G  D.0000D0E+00  2.298853E+D4  D.00000DE+DO
-CONT- 0.000000E+D0  D.DOOODDE+00  0.000000E+00
$TITLE = 17
$SUBTITLE= 18
$LABEL = INERTIAL LOADS/LANDING
$SELEMENT FORCES 20
$REAL OUTPUT 21
$SUBCASE ID = 1054 22
$SELEMENT TYPE = 1 23
90001 8.786510E+03  0.000000E+0D 24
90002 4.717470E+03  0.000000E+00 25
90003 9.716886E+03  0.000D00E+00 26
90004 7.898464E+03  0.000000E+DO 27
80005 9.588676E+D3  0.000000E+DD 28
90006 1.389D50E+03  0.0000D0OE+0D 28
90007 1.861082E+04  D.000D0DE+DD 30
90008 1.832169E+03  0.000D0DDE+DD 31
90008 1.334068E+03  D.00D0DOE+D0 32
90010 1.680007E+03  D.00000DE+0D 33
90011 3.167955E+03  0.000000E+0D 34
90012 1.244721E+04  0.000000E+0D 35
80013 9,997841E+02  0.000D00DE+D0 36
80014 1.367232E+03  0.000000E+DD 37
90015 3.217072E+03  0.000D00E+00 38
90016 1.210236E+04  0.DDODDDE+DD 39
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$TITLE =

0.000000DE+0D

0.00000DE+00

0.000000E+0D

0.000000E+DD

0.0000DDE+0D

0.000000E+D0

0.000000E+DO

0.000000E+0D

2.808552E+04

0.000000E+0D

0.000000E+00
0.000000E+0D
0.000000E+00
0.0000DDE+DD
0.D00DDODE+DD
0.000000E+0D
0.000000E+0D
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000DDDE+QD
0.000000E+00
0.0000DOE+DD
0.000000E+00D

$SUBTITLE=
$LABEL = INERTIAL LOADS/LANDING
$SPCF
$REAL OUTPUT
$SUBCASE ID = 2056
1 G 2.372477E+D4
-CONT- 0.000000E+00
2 G  4.440809E+0D4
-CONT- 0.000000E+DD
3 G 0.000000E+DD
-CONT- 0.000000E+DD
4 G 0.000000E+00
-CONT- 0.000000E+00
5 G D.DDDDODE+0D
-CONT- 0.000000E+00
$TITLE =
$SUBTITLE=
$LABEL = INERTIAL LOADS/LANDING
$ELEMENT FORCES
$REAL OUTPUT
$SUBCASE ID = 2056
$ELEMENT TYPE = 1
90001 5.507479E+03
90002 4.384470E+03
90003 1.138188E+04
90004 9.573043E+03
90005 3.153559E+03
90005 1.266680E+03
90007 2.218870DE+04
90008 2.707372E+03
90009 1.547531E+03
90010 2.33923DE+03
90011 1.764567E+03
90012 8.092753E+03
90013 1.137705E+D3
90014 1.386404E+03
90015 2.307758E+03
90016 7.375550E+03

0.00D000E+00D

-2.229666E+04

0.0DO00DOE+0D

-2.003381E+D4

0.0000DDE+0DD

-2.896818E+04

0.000000E+0D

-2.572683E+04

0.000000E+00

0.00000DE+0DD

0.000000E+DD

17
18

20
21
22
23
24
25
26
27
.28
28
30
31
32
33
34
35
36
37
38
39
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APPENDIX B

Results of NASPOST V.2.1

1.1.4.1-22



#H# FILES 'hsm/phoang/ams2/sport/R2056. pch’

WS

##4 SELECT TETRA-STRESSES

Rt SORT VAR = MAX-VONM, OPT=12

W PRINT 36 48 54 42,

#H HEADING = 'CTETRA: MAX VON-MISES STRESS',
#H# NCASES =100

0

02/27/2003 08:07 NASPOST 2.1

PAGE

1

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

210900

210944

211175

211453

211607

211758

211816

211097

212514

212307

210281

211613

212590

210903

211614

211712

210816

+++ CTETRA: MAX. VON-MISES STRESS +++

2056 5.259396E+0D4 2.735358E+D4 5.052307E+04 2.854D61E+04

2056 5.154397E+D4 9,968668E+03 6.453477E+D4 2.788870E+04

2056 5.144375E+04 3.799166E+D4 2,089371E+04 2.944269E+04

2056 4.696348E+04 2.632358E+D4 5.230913E+D4 2.589259E+04

2056 4.555109E+04 1.112196E+04 5.083541E+04 2.514579E+04

2056 4.454851E+D4 3.120616E+04 5.362336E+04 2.483281E+D4

2056 4.429445E+04 5.195070E+04 2.797519E+D4 2.510558E+04

2056 4.402795E+04 8.388643E+03 5.207025E+04 2.287233E+D4

2056 4.384823E+04 3.245226E+D4 5.563405E+04 2.365309E+04

2056 4.278525E+04 4.030189E+D4 3.949189E+04 2.465979E+04

2056 4.024919E+04 7.081573E+03 5.035098E+04 2.163470E+04

2056 3.927039E+04 3.582047E+04 2.142389E+D4 2.264107E+04

2055 3.846286E+04 4.825349E+04 9.728522FE+03 2.075626E+04

2056 3.841817E+04 3.224D16E+04 4.782855E+D4 2.064694E+04

2056 3.834920E+04 3.498678E+D4 2.958956E+D4 2.214093E+04

2056 3.821512E+D4 2.889051E+D4 4.805255E+04 2.052942E+04

2056 3.794983E+04 4.912807E+03 3.877510E+04 2.004650E+04
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#Ht SELECT TETRA-STRESSES

### SORT VAR = MAX(MAX-MAX-PRIN,MAX-MIN-PRIN); OPT=12
##Ht PRINT 36 48 54 42,

#Ht HEADING = 'CTETRA: MAX PRINCIPAL STRESS',

### NCASES = 100

N

02/27/2003 09:07 NASPOST 2.1

PAGE 6

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-5HR

210044

212614

211758

211453

211097

211816

2118607

210900

210281

212590

211712

210903

211857

211975

212201

212058

211067

210858

+++ CTETRA: MAX PRINCIPAL STRESS +++

2056 5.154397E+04 9.968668E+03 6.453477E+D4 2.788870E+D4
2056 4.384823E+04 3.245226E+04 5.563405E+04 2.365309E+04
2056 4.454851E+04 3.120616E+04 5.362336E+04 2.483281E+04
2056 4,696348E+04 2.532358E+04 5.23D913E+04 2.589259E+04
2056 4.402795E+D4 8.388643E+03 5.207025E+04 2.287233E+04
2056 4.423445E+0D4 5.195070E+04 2.797519E+04 2.510558E+04
2056 4.555109E+04 1.112196E+04 5.083541E+04 2.514579E+0D4
2056 5,259396E+04 2.735358E+04 5.052307E+04 2.954061E+04
2056 4.024919E+0D4 7.081573E+03 5.035098E+04 2.163470E+D4
2056 3.B46286E+04 4.925349E+04 9.728522E+03 2.075626E+04
2056 3.821512E+04 2.889051E+04 4.805255E+04 2.052942E+04
2056 3.841817E+D4 3.224016E+D4 4.782B55E+04 2.064694E+D4
2056 3.440759E+04 1.509096E+04 4.680442E+04 1.92885GE+0D4
2056 2.879758E+D4 2.662464E+04 4.556055E+04 1.484122E+04
2056 3.470278E+04 1.633604E+04 4.465001E+04 1.900638E+04
2056 3.715110E+D4 9.721149E+03 4.336618E+04 2.081334E+D4
2056 3.07445DE+D4 3.194075E+04 4.159750E+04 1.704851E+04

2056 3.658523E+04 4.065781E+03 4.120131E+04 1.856776E+04
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i SELECT TETRA-STRESSES
#Ht SORT VAR = MAX(MAX-MAX-SHR);0PT=12
#HHE PRINT 36 48 54 42;
### HEADING = 'CTETRA: MAX. SHEAR STRESS),
#HH NCASES =100

NASPOST 2.1

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-FRIN MAX-MAX-SHR

210900

211175

210944

211453

211607

211816

211758

212307

2125614

211097

211613

211614

210281

210510

212058

212590

210903

211712

212637

210280

210816

+++ CTETRA: MAX. SHEAR STRESS +++

2056 5.259396E+04 2.735358E+04 5.052307E+04

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

2056

5.144375E+04
5.154397E+04
4.696348E+D4
4.555109E+04
4.429445E+D4
4.454851E+04
4 278525E+04
4,384823E+04
4,402795E+04
3.927039E+D4
3.834929E+04
4.024819E+04
3.746538E+04
3.715110E+04
3.846286E+04
3.841817E+04
3.821512E+04
3.579022E+04

3.476392E+04

3.799166E+D4

9.968668E+03

2.632358E+04

1.112196E+04

5.195070E+04

3.120616E+04

4.030189E+04

3.245226E+04

8.388643E+03

3.582047E+04

3.498678E+D4

7.081573E+03

2.784141E+04

9.721148E+03

4, 925349E+04

3.224016E+04

2.889051E+0D4

3.394622E+04

2.277996E+04

2.089371E+4

6.453477E+04

5.230913E+04

5.083541E+04

2.797519E+04

5,362336E+04

3.849189E+04

5.563405E+04

5.207025E+04

2.142389E+04

2.958956E+04

5.035098E+D4

1.657698E+04

4.336618E+D4

9.728522E+03

4.782855E+04

4.805255E+04

1.456415E+04

2.449686E+04

2.954061E+04

2.944269E+04

2.788870E+D4

2.589259E+04

2.514579E+04

2.510558E+04

2.483281E+04

2.465979E+04

2.365309E+04

2.287233E+04

2.264107E+D4

2.214093E+04

2.163470E+04

2.158186E+D4

2.081334E+04

2.075626E+04

2.064694E+04

2.052942E+04

2.0267B86E+04

2.005922E+04

3,794983E+04 4.912807E+D3 3.877510E+04 2.004650E+04
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### FILES 'fhsm/phoang/ams2/sport/R1054.pch’

#i# 3

#### SELECT TETRA-STRESSES

SORT VAR = MAX-VONM;DPT=12
PRINT 36 48 54 42,
HEADING = 'CTETRA: MAX, VON-MISES STRESS",
NCASES = 160

#Hitht

#Hin

itk

#it#
O

02/27/2003 09:08

AR AR AR AR TR RA NN AN NNAAAANATARANANAAA AN AR AN AARAAARR AR AN ARAART AN N AAAAARNRAAA AN AR R EAN AR NAAN A AR N A AR A A AR A A A A oA A bk ok

NASPOST 2.1

FPAGE

1

+++ CTETRA; MAX. VON-MISES STRESS +++

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

202217

202883

200267

200636

201485

200734

202332

201886

202055

201375

200860

201312

202425

200897

202743

201860

201670

200865

201837

201864

202253

201416

201887

1054
1054
1054
1054
1054
1054
1054
1054
1054
1054
1054
1054
1054
1054‘
1054
1054
1054
1054
1054
1054
1054
1054

1054

1.51579BE+05

1.17098DE+05

1.005514E+056

8.650958E+0D4

8.227761E+D4

7.641551E+04

7.510269E+04

7.425544E+D4

5.498153E+04

6.357211E+04

6.354685E+04

5.293714E+04

6.087698E+D4

5.888184E+04

5.87B9SBE+D4

5.82523BE+D4

5.703159E+D4

5.6253B3E+04

5.604580E+04

5.543190E+04

5.640527E+04

5.479191E+04

5.474D04E+04

1.174703E+05 6.547394E+04 8.720787E+0D4

4.2895967E+04

5.721918E+D4

4,9592B8E+04

4.431431E+04

4.086730E+D4

8.576226E+04

4.187514E+04

2.411203E+04

4.222753E+04

5.944557E+D4

4.287193E+04

1.076386E+0D4

1.166302E+D4

9.316934E+03

2.144727E+04

1.696582E+404

2.089273E+04

2.B62428BE+04

2.70857BE+D4

4.820444E+04

1.907836E+04

2.356317E+D4

9.771110E+D4

5.8B6802E+04

9.075273E+04

8.947968E+04

5.148069E+04

6.706595E+04

4.389479E+D4

5.331124E+04

3.298061E+04

7.784032E+04

4.97127DE+04

6.660848E+04

6.80833BE+D4

6.512291E+04

5.137911E+0D4

4.626842E+04

4.940111E+04

3.574546E+04

3.68960BE+D4

2.087362E+04

5.654938E+D4

4.141754E+D4

6.6895930E+04

5.804410E+0D4

4.893664E+04

4.749695E+D4

4,408019E+04

4.202872E+04

4,245940E+04

3.741286E+04

3.669646E+D4

3.313B10E+D4

3.631421E+D4

3.211523E+D4

3.1B3D47E+04

3.077734E+D4

3.048648E+04

3.161612E+04

2.970946E+404

3.218487E+0D4

3.199092E+D4

3.056340E+04

2.808D4DE+D4

3.155046E+04
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02/27/2003 09:08 NASPOST 2.1 PAGE 2
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+++ CTETRA: MAX, VON-MISES STRESS +++

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

200702 1054 5.457907E+04 2.646537E+04 6.360204E+D4 2.823155E+D4
202691 1054 5.433587E+04 4.822972E+04 1.747143E+04 2.985046E+04
200456 1054 5417550E+0D4 1.158456E+04 6.872663E+04 2.856603E+04
201767 1054 5.37814DE+04 2.G99824E+04 5.954132E+04 3.006917E+04
201317 1054 5.362081E+04 2.332659E+04 5.849763E+04 2.953620E+04
200311 1054 5.360834E+04 1.18659BE+D4 5.351561E+04 2.867760E+04
200866 1054 5.356495E+04 2.564388E+04 3.879048E+04 3.092551E+04
202517 1054 5.347619E+04 7.334784E+03 5.989495E+04 2.772289E+04
. 202162 1054 5.3347D6E+04 4.948752E+D4 1.910122E+D4 2.956832E+04
200847 1054 5.316318E+04 1.967831E+04 3.973686E+D4 2.970758E+04
202521 1054 5.271295E+04 4.997951C+04 9.953226E+03 2.996637E+D4
202354 1054 5.184368E+04 4.653542E+04 1.122037E+04 2.7753B5E+04
202808 1054 5.181127E+04 9.005770E+03 5.810413E+04 2.673210E+04
200752 1054 5.177062E+04 1.231153E+04 6.110482E+D4 2,775850E+04
202412 1054 5.163786E+D4 8.443156E+D3 4.967690E+04 2.714124E+04
200751 1054 5.141144E+04 2.035358E+04 6.128119E+D4 2.811330E+04
201979 1054 5.137324E+04 6.925859E+04 3.673467E+0D4 2.831508E+04
201352 1054 5.122947E+0D4 3.483759E+04 2.553501E+04 2.94B237E+04
200440 1054 5.121828E+D4 4.200234E+03 5.255288E+04 2.700537E+04
202104 1054 5.120950E+04 2.138755E+04 5.391369E+04 2.584740E+0D4
202796 1054 5.114905E+04 7.849641E+03 6.045282E+D4 2.530159E+04
. 200268 1054 5.088761E+04 4.890043E+D4 5.884928E+04 2.663373E+D4

200527 1054 5.054515E+04 1.111308E+04 5.392534E+D4 2.697183E+04

1.1.4.1-27
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+++ CTETRA: MAX. VON-MISES STRESS +++

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

201555 1054 5.047480DE+D4 1.166234E+04 5.087049E+04 2.781246E+D4
202888 1054 5.029860E+04 1.,143688E+04 4.429488E+D4 2.786588E+04
202576 1054 4.937514E+04 1.856990E+D4 4.679577E+04 2.589936E+04
200278 1054 4.930827E+0D4 1.82069SE+D4 6.310694E+04 2.543604E+D4
201741 1054 4.919385E+04 6.706398E+03 4.696763E+04 2.683701E+04
202554 1054 4.908027E+04 1.515803E+04 4.687419E+D4 2.560334E+04
202159 1054 4.904569E+04 2.816673E+04 3.596973E+04 2.750612E+04
202569 1054 4.869596E+04 9.191743E+03 4.654047E+04 2.467852E+D4
. 202563 1054 4.857166E+04 1.517800E+04 3.968111E+04 2.663412E+04
201568 1054 4.837640E+04 2.703588E+D4 4.777139E+04 2.542654E+D4
202731 1054 4.823290E+04 4.891463E+D4 4.895723E+03 2.519317E+04
201714 1054 4.715768E+D4 4.459567E+04 3.391250E+04 2.663997E+0D4
202164 1054 4.689782E+04 5.099081E+04 6.321710E+03 2.52934DE+04
201921 1054 4.543728E+04 1.558576E+04 5.146291E+04 2.57338DE+04
201765 1054 4.643237E+04 2.412248E+04 4.508036E+04 2.467547E+04
200286 1054 4.636165E+D4 2.4B66841E+04 3.706391E+04 2.675074E+04
202210 1054 4.614330E+04 1.011410E+04 5.578080E+04 2.333335E+04
201599 1054 4.511B03E+04 8.573774E+03 5.264481E+04 2.354836E+D4
202017 1054 4.568890E+04 3.167601E+04 3.953202E+0D4 2.629908E+04
202803 1054 4.568879E+04 3.187296E+04 4.067444E+D4 2.602570E+04
201346 1054 4,554145E+04 1.320376E+04 4.255805E+04 2.576368E+04
. 201417 1054 4,538428E+D4 1.574101E+04 5.462416E+04 2.531600E+04

202984 1054 4.528861E+D4 8.398640E+03 4.186266E+04 2.390023E+D4

1.1.4.1-28
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ID SUBCASE MAXVONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

2M377

201534

201222

202160

200278

201378

200857

201318

201217

++ CTETRA: MAX VON-MISES STRESS +++

1054 4,528356E+04 2.733555E+04 2.889437E+04 2.589737E+04
1054 4.496518E+04 5.971018E+04 4.046980E+04 2.564306E+04
1054 4.494412E+04 7.735817E+03 4.265125E+04 2.512304E+04
1054 4.474114E+04 4.482439E+04 2.533758E+04 2.549008E+04
1054 4.455574E+04 1.077101E+04 4.855427E+04 2.345342E+04
1054 4.436935E+04 1.097405E+04 4.245147E+04 2.252820E+04
1054 4.430735E+04 1.862027E+04 3.864284E+04 2.460452E+04
1054 4.429075E+04 9.801450E+03 4.394491E+04 2.479883E+HM

1054 4.410501E+04 2.869078E+03 4.898480E+04 2.321290E+04

1.1.4.1-29



#Ht SELECT TETRA-STRESSES

#H SORT VAR = MAXIMAX-MAX-PRIN,MAX-MIN-PRIN); QPT=12
#ht PRINT 36 48 54 42,

#H# HEADING ='CTETRA: MAX. PRINCIPAL STRESS",

#hf NCASES = 150

@ .
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+++ CTETRA: MAX PRINCIPAL STRESS +++

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

202217 1054 1.51579BE+D5 1.174703E+05 5.547394E+04 8.720787E+04
202883 1054 1.170990E+05 4.2859867E+04 9.771110E+04 B5.695830E+04
200836 1054 B.550958E+04 4.959289E+04 9.075273E+04 4.893664E+04
201485 1054 B.227761E+04 4.431431E+04 8.947968E+04 4.749695E+04
202332 1054 7.510269E+04 B8,676226E+04 B.7068595E+04 4.202872E+04
200860 1054 B.354885E+04 5.944557E+04 7.784032E+04 3.313810E+04
201879 10584 5.137324E+D4 6.925858E+0D4 3.673467E+04 2.831508E+04
. 200456 1054 5.417550E+D4 1.159450E+04 B5.872663E+04 2.856603E+04
200897 1054 5.898184E+04 1.166302E+04 6.80833BE+04 3.183047E+0D4
202425 1054 B.097G699E+D4 1.078386E+04 6.660849E+04 3.211523E+04
202743 1054 5.87B958E+04 9.316934E+03 6.512291E+04 3.077734E+04
200702 1054 5.457307E+04 2.648537E+04 6.360204E+04 2,823155E+04
200278 1054 4.930827E+04 1.820695E+04 6.310694E+04 2.543604E+04
200734 1054 7.641551E+04 4.086730E+04 5.14B069E+04 4.408018E+04
201860 1054 5.82523BE+04 2.144727E+D4 B.137911E+04 3.04B648E+D4
200751 1054 5.141144E+04 2.035358BE+04 6.128119E+04 2.811330E+04
200752 1054 5.177062E+04 1.231153E+04 6.110482E+04 2.775859E+04
202796 1054 5.114905E+D4 7.849841E+03 6.045282E+04 2.630159E+04
202517 1054 5.347619E+04 7.334784E+03 5.988485E+04 2.772289E+04
200269 1054 5.088761E+0D4 4.890043E+04 5.984928E+04 2.863373E+04
201534 1054 4.488518E+04 5.871018E+04 4.046980E+04 2.564306E+04
. 201767 1054 5.378140E+04 2.699824E+D4 5.954132E+04 3.006917E+04
200267 1054 1.005514E+05 5.72191BE+04 5.885902E+04 5.804410E+D4

1.1.4.1-30
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ID SUBCASE

201317

202809

201758

201704

202210

201416

201417

200647

200527

202104

200311

202055

201509

200440

200936

201921

200458

202164

200837

201555

200329

200149

202621

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

+++ CTETRA; MAX PRINCIPAL STRESS +++

5.362081E+04 2.332659E+04 5.849763E+04 2.953529E+04
5.181127E+D4 9.005770E+03 5.810413E+04 2.673210E+04
4.068834E+04 2.586475E+D4 5.796214E+04 2.202281E+04
3.255785E+04 2.331134E+04 5.740398E+04 1.704632E+04
4.614330E+D4 1.011410E+D4 5.678080E+0D4 2.333335E+04
5.479191E+04 1.907836E+04 5.654938E+04 2.808040E+04
4.538428E+04 1.574101E+04 5.462416E+04 2.531600E+04
4.034161E+D4 1.071395E+04 5.439658E+04 2.184131E+04
5.054515E+04 1.111308E+04 5.382534E+04 2.697183E+04
5.120950E+04 2.138755E+04 35.391369E+D4 2.6847406+04
5.360834E+D4 1.186598E+04 5.361561E+D4 2.867760E+04
6.499153E+04 2.411203E+04 5.331124E+04 3.741296E+04
4.611803E+04 9.573774E+03 5.264481E+04 2.354836E+04
5.121828E+04 4.200234E+03 5.255298E+04 2.700537E+D4
4.400735E+04 G.151901E+03 5.214704E+04 2.209757E+04
4.643728E+04 1.558576E+D4 5.146291E+04 2,573380E+0D4
3.767607E+04 1.202241E+04 5.116655E+04 1.973465E+04
4.689782E+04 5.099081E+D4 6.321710E+03 2.529340E+04
4.352046E+04 1.160824E+04 5.089000E+04 2.266335E+04
5.04748DE+04 1.166234E+04 5.087049E+D4 2.781246E+04
4.111749E+04 1.946077E+D4 5.074707E+04 2.253956E+04
3.963480E+D4 5.022657E+D4 2.072690E+04 2.152592E+04

5.271295E+04 4.997951E+D4 9,953226E+03 2.996637E+04

1.1.4.1-31

MAX-VONM  MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR
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ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

201312

202412

202162

200865

201217

202731

201742

200279

202691

202253

200536

200555

201569

202811

201147

201741

202554

202576

202976

202569

202354

202816

2030135

+++ CTETRA: MAX PRINCIPAL STRESS +++

1054 6.293714E+04 4.287193E+04 4.971270E+04 3.631421E+04
1054 5.16378GE+04 8.443156E+03 4.967690E+04 2.714124E+04
1054 5.334706E+04 4.948752E+04 1.910122E+04 2,956832E+04
1054 5.625383E+H04 2.009273E+04 4.940111E+04 2.970946E+04
1054 4.410501E+04 2.869078E+03 4.898480E+04 2.321290E+04
1054 4.823200E+04 4.891463E+04 4.895723E+03 2.519317E+04
1054 4.003761E+04 1.406694E+D4 4.874455E+04 2,109594E+04
1054 4.455574E+04 1.077101E+04 4.855427E+04 2.345342E+04
1054 5.433587E+04 4.822972E+04 1.747143E+04 2.985046E+04
1054 5.540527E+04 4.820444E+04 2.087362E+04 3.05634DE+04
1054 3.906984E+04 4.809619E+04 4.464158E+04 2.199690E+04
1054 4.372316E+04 3.808323E+03 4.804514E+04 2.313778E+04
1054 4.837540E+04 2.703588E+04 4.777139E+H04 2.542654F+04
1054 3.721197E+04 2.077466E+04 4.771009E+04 1.938780E+04
1054 4.310987E+04 5.226999E+03 4.744184E+04 2.296197E+04
1054 4.919385E+04 6.706398E+03 4.696763E+04 2.683701E+04
1054 4.908027E+04 1.515803E+04 4.687419E+04 2.560334E+04
1054 4.037514E+04 1.856990E+04 4.679577E+04 2.5B993GE+04
1054 4.287538E+04 9,135586E+03 4.654031E+04 2.215157E+04
1054 4.869696E+04 9.191743E+03 4.654047E+04 2.467852E+04
1054 5.184368E+04 4.653542E+04 1.122037E+04 2.775365E+04
1054 3,989199E+04 2.3722B6E+D4 4.548960E+04 2.079649E+04

1054 4.161550E+04 1.668062E+04 4.642579E+04 2.115935E+04

1.1.4.1-32
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ID SUBCASE

201670

201447

201589

201765

202985

202160

201714

202860

201182

202888

201405

201318

201866

201790

200532

200153

200477

200216

201224

200913

201198

201691

200327

1054

1054

1054

1054

1034

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

+++ CTETRA: MAX. PRINCIPAL STRESS +++

5.703159E+04 1.696582E+D4 4.620642E+D4 3.161512E+D4
3.008666E+04 1.2D8250E+04 4.561489E+04 2.053620E+04
3.402916E+04 2.759110E+04 4.540061E+04 1.808856E+04
4.043237E+04 2.412248E+D4 4.508036EC+04 2.467647E+04
4.060532E+04 5.774349E+03 4.486556E+04 2.099493E+04
4.474114E+0D4 4.482439E+04 2.633758E+04 2.549008E+04
4.7157668E+04 4.459567E+04 3.391250E+04 2.663997E+04
3.562134E+04 3.788749E+0D4 4.453797E+04 1.860084E+04
3.550409E+04 2.3D3B37E+D4 4.431527E+04 2,021235E+04
5.02986DE+04 1.143GBBE+D4 4.429488E+04 2,786588E+04
3.950808E+04 1.858666E+04 4.406511E+04 1.994066E+04
4.429075E+04 9.8D1450E+03 4.384491E+04 2.479883E+04
7.425544E+04 4.187514E+D4 4.389479E+04 4.245940E+04
4.096401E+04 1.012806E+D4 4.3B6863E+04 2.101505E+04
3.667347E+D4 1.551506E+04 4.381799E+D4 1.891679E+04
3.440935E+04 1.550234E+04 4.380237E+04 1.757701E+04
3.676123E+D4 2.097743E+D4 4.348307E+04 2.062552E+04
4.147705E+04 3.320884E+03 4.342613E+04 2.104276E+04
3.466147E+04 7.341429E+03 4.325920E+04 1.924826E+04
4.117486E+04 1.870697E+04 4.298697E+04 2.111598E+D4
3.661295E+04 1.559948E+04 4.297670E+04 2.039938E+04
3.865451E+D4 4.291119E+D4 1.958027E+04 2.149404FE+04

3.539740E+04 1.190585E+04 4.275921E+04 2.006588E+04

1.1.4.1-33

MAX-VONM  MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR
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+++ CTETRA: MAX PRINCIPAL STRESS ++

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

201346 1054 4.554145E+04 1.320376E+04 4.265805E+04 2.576368E+04
201222 1054 4.494412E+04 7.735817E+03 4.265125E+04 2.5123%4E+04

200156 1054 3.176279E+04 2.187177E+04 4.255766E+04 1.645757E+04

1.1.4.1-34



#4t SELECT TETRA-STRESSES
#H4 SORT VAR = MAX|MAX-MAX-SHR);OPT=12
it PRINT 36 48 54 42,

02/27/2003 09:08

#H## HEADING = 'CTETRA: MAX. SHEAR STRESS',
#HH NCASES = 150

ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

202217

202883

200257

200636

201485

200734

201866

202332

202055

201375

201312

200860

201837

202425

201864

200897

201870

201987

200866

202743

202253

201880

201767

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

1064

1054

1054

1054

1054

1054

1054

1054

1054

1054

1054

+++ CTETRA: MAX. SHEAR STRESS +++

1.515798E+05
1.170990E+05
1.005514E+05
8.650958E+04
B.227761E+04
7.541551E+04
7.425544E+04
7.510269E+04
6.499153E+04
6.357211E+04
6.293714E+04
5.354695E+ 04
5.604580E+04
6.097698E+04
5.543100E+04
5.8081B84E+04
5.703159E+04
5.4740D4E+04
5.356495E+04
5.878958E+04
5.540527E+04
5.825238E+04

5.37B8140E+0D4

1.174703E+05

4,295967k+04

5.721918E+04

4.959289E+04

4.431431E+04

4.086730E+0D4

4.187514E+04

8.676226E+04

2.411203E+04

4,222753E+04

4,287193E+04

5.944557E+D4

2.862428E+04

1.076386E+04

2.708578E+D4

1.166302E+04

1.6965682E+04

2.356317E+04

2.564388E+04

9.316934E+03

4.820444E+04

2.144727E+04

2.698824E+04

6.547384E+04
8.771110E+04
5.886902E+04
9.075273E+04
B.947968E+D4
6.148068E+04
4.389479E+04
6.708695E+D4
5.331124E+04
3.298061E+04
4.871270E+04
7.784032E+04
3.574546E+04
6.6608405E+04
3.6B9608E+04
6.809338E+04
4.626542E+04
4.141754E+04
3.B78049E+04
6.512291E+04
2.087362E+04
6.137811E+04

5.954132E+04

8.720787E+04

6.695930E+04

5.804410E+04

4.983664E+04

4.749695E+04

4.4D08019E+04

4.245940E+04

4.202872E+04

3.741286E+04

3.669646E+04

3.631421E+04

3.313B810E+04

3.2184B7E+04

3.211523E+04

3.19D082E+04

3.183047E+04

3.161612E+04

3.165046E+04

3.082551E+04

3.077734E+04

3.056340E+04

3.04B648E+04

3.006917E+D4

1.1.4.1-35
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ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

202621

202691

200865

200847

202162

201317

201352

200311

200455

201979

200702

200751

201416

202888

201555

200752

202354

202517

202159

202412

200440

200527

202104

+++ CTETRA; MAX. SHEAR STRESS +++

1054 5.271295E+04 4.997951E+04 9.953226E+03 2.996637E+D4
1054 5.433587E+04 4.822972E+04 1.747143E+04 2.98504GE+0D4
1054 5.625383E+04 2.099273E+04 4.940111E+04 2.970846E+04
1054 5.316318E+04 1.967831E+04 3.973686E+04 2.970758E+0D4
1054 5.334706E+04 4.948752E+04 1.910122E+04 2.956832E+D4
1054 5.362081E+04 2.332659E+04 5.849763E+04 2.953629E+04
1054 5.122947E+04 3.483759E+04 2.553501E+D4 2.948237E+0D4
1054 5.360834E+04 1.186598E+04 5.361561E+04 2.867760E+D4
1054 5.417550E+D4 1.15945BE+04 6.872663E+04 2.8556603E+04
1054 5.137324E+0D4 B.925859E+04 3.673467E+04 2.831508E+04
1054 5.457907E+04 2.646537E+04 6.360204E+04 2.823155E+04
1054 5.141144E+04 2.035358E+04 6.128119E+04 2.811330E+04
1054 5.479191E+04 1.907836E+04 5.554938E+04 2.808040E+04
1054 5,029860E+04 1.143688E+04 4.42948BE+04 2.786588E+04
1054 5.047480E+04 1.166234E+04 5.087049E+04 2.781246E+04
1054 5.177062E+04 1.231153E+04 B5.110482E+04 2.775859E+04
1054 5.184368E+04 4.553542E+04 1.122037E+04 2.775365E+04
1054 5.347619E+D4 7.334784FE+03 5.989495E+04 2.772289E+04
1054 4.904669E+04 2.816673E+04 3.596973E+04 2.750612E+04
1054 5.163788E+04 8.443156E+03 4.957690E+04 2.714124E+04
1054 5.121828E+04 4.200234E+03 5.255298E+04 2.700537E+04
1054 5.054515E+04 1.1113D8E+04 5.392534E+04 2.697183E+04

1054 5.120950E+04 2.138755E+04 5.3913G9E+04 2.684740E+04

1.1.4.1-36
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ID SUBCASE MAX-VONM MAX-MAX-PRIN MAX-MIN-PRIN MAX-MAX-SHR

201741
200286
202809
201714
202563
200268
20279%
202017
202803
202576
201377
201346

201921

+++ CTETRA: MAX SHEAR STRESS +++

1054 4.919385E+D4 6,706398E+03 4.696763E+04 2.683701E+04
1054 4.836185E+04 2.466841E+04 3.706391E+04 2.675074E+04
1054 5.181127E+04 9.005770E+03 5.810413E+04 2.673210E+04
10564 4.715768E+04 4.459567E+04 3.391250E+04 2.663997E+04
1064 4.857166E+04 1.517800E+04 3.969111E+04 2.663412E+04
1054 5.088751E+D4 4.890043E+D4 5.984028E+04 2.663373E+04
1054 5.114905E+04 7.849641E+03 6.045282E+04 2.630159E+04
1054 4.568890E+04 3.167601E+04 3.953202E+04 2.629908E+04
1054 4.568879E+04 3.187206E+04 4.067444E+04 2.602570E+D4
1064 4.937514E+04 1.856990E+04 4.679577E+04 2.589936E+04
1054 4.528356E+04 2.733555E+04 2.889437E+D4 2.589737E+04
1054 4.554145E+04 1.320375E+04 4.265805E+04 2.576368E+04

1054 4.643728E+0D4 1.558576E+04 5.146291E+04 2,57338DE+04

1.1.4.1-37
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Figure 4. Lower Port : Maximum Von-Mises Stress
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Vi

L7777

G6

Output Set Case 1Time 8.
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Figure 6. Upper Port : Maximum Von-Mises Stress
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3828

¥
L 2
\/

OutputSet:Case 1Time 8. 23311,
Contour: Solid MaxPrin Sress

N

Figure 7. Upper Port : Maximum Max-Principal Stress
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7 / -
Title Upper Interface plate to USS Bolts 6-02a
loads

Upper Interface Plate Bolt Analysis (USS)

The width of the upper interface plate is 10.5 in. There are a total of 8 fasteners attaching the USS to the interface
plate. NAS1958C (180 ksi ), 0.50-20 UNF, and one shear pin 0.875 in. diameter

size thread/in Fitting factor FF:=1.15
. . Ultimate factor of safety FSu:=14
0.50 20
0.50 20
0.50 20 Yield factor of safety FSy :=1.10
0.50 20
bolt ;=
0.50 20
0.50 20
0.50 20
0.50 20 i:=1_ rows(bolt)
: 1
D '=bolt,  -in N, :=bolt, -
( i,l i 1,2
mn
i ) ] ] 1.08+10°
180000 95000 s
180000 95000 1.0810
180000 95000 | 1.0810°
180000 95000 5
- o - - 1.08+10
= 50000 | P Y=l g 5000 | P Fsu, :=Ftu.-.6 Fsu = s |
180000 95000 1.08+10
180000 95000 1.08910°
| 180000 | [ 95000 | 1 1080105
| 1.08¢10° |
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Title Upper Interface plate to USS Bolts 6-02a
loads
D. - 0.9743.> : 112
i TN D. - 1.299038—
At1 =TT R | As 1= ! Ni
2 Si =TT 5
Temperature correction factor for 140 deg. F
ctu:=0.98 cty :=0.98 csu ;=098 (Ref. MIL-HDBK-5H, fig. 6.2.1.1.1)

ftu, = Ftui At -ctu fty, = Ftyi At -cty

Fpmax, = .75-ftyi Fpmini = .85 Fpmax
Bolt No. x co-ord
y co-ord

! [0.0] [-3.0]
2 D.0 0.0

3

D.0 3.0
4 0.0 -3.0
X .= -n = 1n

3 0.0 Y 3.0

6 0.0 -3.0

7 D.D 0.0
L8 0.0 | 3.0 |

Center of gravity of bolt group

Ex‘v
1
i

Xcg = : ey T
erS[X) xeg =0ein yeg I*I'DWS(y)
1 Tt [ ["f,m an x D - .2 o« VU3
MY v T.‘,\rfu e I A R A q(,g N, fios

fsu.1 = Fsui -Asi -csu

ycg =0 #in

Qux 0.8

Z co-ord

[-3.312]
-3.312
-3312
-0.062
-0.062
3.188
3.188

[ 3.188 |

-in

e

rows(z)

2cg =

1139

1 b

zcg =—0.06 ®in
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loads
(8.375)
——— (7.888)
(6.438)
— (2.838) |~
(1.888)
(.812)
10X
— }—2x .825
Fa—— 2% 1.2850
0-B75 SMEAR Pin wh TH +.020
(,750) D AN 2 A Er?ca.rrmd BusHinN 65 ] —.375 - .000
i > . . \ L~ @ 1.375 THRU
. ] ) ¢ T
r[n.sso) ‘ » J/—4xnm.|_
(3.2s0) | ™\ [~
(3.312) J )~ z p -
[4-000) J’:‘ Y . . ‘1 A Y .
[4.975) l ZC@N"Q - —8 o— n
. N—
(e.150) (e _ - \—4x @ .518 THU
,s.soo)l p ° ‘ oQ
Z-02—0-¢0-0 ¢ ‘
S ‘
2X P.518 THRU o
LI P1.250 ¥.375 ©*000 1 A~
D ox B .308 ? (Ref. axis) SECTION A-A
: U 020
LJ $1.000 ¥.310 - 000
é Uss-cz Bours.
e — ,
.750)
(.7s0) \ 0 0 y
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Upper Interface plate to USS Bolts 6-02a
loads

Title

[4.423 ]
3.250
4.423
r :=Jiyi- ycg)2+ ‘Zi_ zcg)2 r= 2gEE sin
4.423

3.250

| 4.423 |

data :=READPRN( "upperussipf.dat--)
The loads data is based on model 6-02a. the CBUSH
element loads are read from the model and stored in the
file upperussipf.dat. There are a total of 256 load cases
at each of the four upper interface plates. (64 lift off
Ex '=data _-lbf Mx :=data _-in-lbf cases, 654 landing cold cases, 64 slosh cases and 64

J i.3 J J,6 landing warm cases). So the analysis considers 256x4 =

1024 data points

ji=1_ rows(data)

ij = dataj i 4-1bf Myj = dataj ,7~in-lbf

Fz, :=data, _-lbf Mz, :=data, _-in-lbf
j ja3 i j.8

num_bolts ;=rows(bolt)
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Title

Upper Interface plate to USS Bolts 6-02a

loads

Location of applied forces and moments from the finite element model.

xforce '=0.0 in

xforce
cgload =| yforce

zforce

ACE

C8 polt = | YCB
zcg

Load Vector

T load ¥ 8 pojt— cgload

Mx
)|

yforce 1=0.0 in

0
cgload =| 0 [~in
0

Epoe = 0 |n
~0.06

rload =| 0 °in
-0.06

Fx,
j

>
M = MY; 411009 % | FY;

tot

Mz,
i

num_bolts :=rows(bolt)

Mx_boltcgj =M ot
L.)

Tension on bolts

Fz

]

Fx_boltcgj = ij

My_bolteg, '=M
] 2.

Frdirect, i= 0-bf if Fx_boltcngD Ibf

Fx_b oltcgJ

num_bolts

zforce :=0.0 in

Fy_boltcgj :=‘ij

Mz_bolteg, :=M .
L 3.)

Fzﬁbnlt::gj = sz
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SEG39135788

Fmy, := [0-bf if ‘zi—zcg)-"'-[]-in Fmz, = |0bf if ‘y]-—-ycg)=0-in

[My__boltcgj-(zi - zcg)] At Mz,_boltcgj‘-‘yi - ycg) At

> otherwise 7 otherwise
L] (- ) Ly ves )]
i i
Fti | = Ftdirecti ; + mei j + szi J
Mx_boltcg. 1.-As
Fs. = _ 1 1
Secondary shear on bolts H E ‘ri)z-(Asi)] , the direct shear is taken by the shear pin

i

Tensile and shear ratios
Loading plane factor: n:=.5

Joint load factor (steel bolt on Alum. plate): ¢ :=0.266

Fpmin ‘
Calculate joint seperation load: Wis. ! min(Wjs) =10949.7 ¢jbf

1,] . (1 _“_q))
Check for joint separation (if ratio is > 1.0, separation occurs)

Ft, .

check_ratio, . i=— 2 max( check_ratio) =0.73
! Wis, j

Axial load

Faxiu. = Fpmax|+¢)-n-(FSu-FF-Ftl,j) if Ftl,j<sz1,1

max(Fax) =12891.3 #lbf
FF-FSu-FllJ otherwise
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Upper Interface plate to USS Bolts 6-02a

Title
Inads
Tensile and shear ratios
Shear ratio:
Tensile ratio:
FF FSu-Fs. .
Rs, =e 1
Rt := |0 if Fax <0 Y fsu,
l,_] 1,]
Fax, .
-1 ptherwise
ftu,
! max(Rt) =0.46 min(Rt) =0.34 Note: Rt is always positive because of
the statement used in the Fax
max(Rs) =0.26 min(Rs) =—0.35 calculation
Rs may be positive or negative, since
for shear either one is possible.
Calculate Margins of safety:
Guess K K:=1.0
. GIVEN
(K| Rs )* + (K-R)*=1 K(Rs,Rt) :=FIND(K)
Note: Absolute value sign for Rs is necessary since shear
may be positive or negatve
Margin of safety: MSb, i :=K'Rsi,j’Rti _j) -1
min(MSb) =0.96 rows(MSb) =8

cols(MSb) =1024
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Title
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Shear Pin Analysis (Custom 455, H950 bar, AMS5617)
Diameter of shear pin dp :=0.875:in
Loads in shear pin Fspj :=J‘Fy_boltcgj)2+ ‘Fz_boltcgj)2
Allowable shear stress Fsu :=133000-psi (Ref. MIL-MDBK-5H, table 2.6.4.0(b))
Temperature correction factor csp '=0.98 (Ref. MIL-HDBK-5H, tablé 2.6.3.2.1)
, -(dp)’ 2
Shear Area of pin Ash = Ash =0.601 sin
Allowable shear load Pal]] =Fsu-Ash.csp
Margin of safety Pall.
= b
MSp; = Fap FSu ! rows(MSp) = 1024
i

min(MSp) =0.33 cols(MSp) =1

Bearing of bushing on interface plate

Outer diameter of bushing do :=1.375-in

Thickness of interface plate tp:=0.75+n

Bearing area Ab =do-tp Ab =1.03 ein’

Allowable bearing stress Foru :=141000-psi (Ref. MIL-HDBK-éH, table 3.7.3.0 (b) 2.5 in. thick)

Fory :=104000-psi
Trmperature correction factor for 7050-T7451 plate cpu :=0.92 (Ref. MIL-HDBK-5H, fig. 3.7.3.2.1)

cpy :=0.98
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Upper Interface plate to USS Bolts 6-02a

Title
loads
Allowable bearing load PbruJ :=Fbru-Ab-cpu
PhryJ :=Fbry-Ab-cpy
Pbru,
Margin of safety MSy =——2 1
J FspJ -FSu
Pbry,
MSy, = l__
J Fspj -FSy

min(MSu) =1.28
min(MSy) =1.28
Bearing of bushing on USS-02 bracket is not critical since the bearing thickness is 1.5 in. compared to 0.75

in on the interface plate. So the margin of safety is high.

Bearing of shear pin on Bushing

Diameter of shear pin dpin :=0.875-in
Thickness of bushing tpin :=0.78-in (Ref. Drg. SDG39135772-013)
Bearing area Abp :=dpin-tpin Abp =D.68 «in’

Bushing is made of Aluminum Bronze AMS4640, ASTM B150 alloy, C63000

Allowable bearing stress of bushing Fbru :=125000-psi (Ref. Rockwell Materials data sheet
09.12.01.01,1.0 to 2.0 in. thick)

Fbry :=78000 psi
Allowable bearing load Pbruj :=Fbru -Abp-ctu

PbryJ =Fbry-Abp-cty

Margin of safety MSbru i=— 1 .1 ] : FSPJ FSy
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Title
loads

min(MSbru) =0.42 rows(MSbru) =1024 cols(MSbru) =1

min(MSbry) =0.13 rows(MSbry) = 1024 cols(MSbry) =1

Interface plate inserts

The interface plate has M551831 CA206L keenserts, and the 0.50-20 bolts from the USS bracket engage on
the inserts.

[0.6875 | . 06875
0.6875 0.6875
0.6875 06875
o 0.6875 ) L:= 0.6875 in
Outer dia. of inserts D= 0.6875 +n Length of inserts | 0.6875
0.6875 0.6875
0.6875 0.6875
0.6875 106875
[ 0.742 ]
0.742
0.742
- _ ‘Dl -Li) 0.742
ear Area A= A= °in
i 2 0.742
0.742
0.742 43000
0.742 43000
] ) 43000
43000 |
Material of interface plate (upper) 7050-T7451 Fsu=l 2000 | P
43000
43000
(Ref. MIL-HDBK-5H, table 3.7.3.0(b1) 2.0 to 3.0 in. thick) 43000 |
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Upper Interface plate to USS Bolts 6-02a
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loads
Fax. .
Max shear stress T =t
1,) A
1
‘ Fsul. -csu
Margin of safety MSli,j T FSu 1
ij

min(MS8i) =0.73 rows(MSi) =8

cols(MSi) =1024

outputl = augmant(data,MSbT)
output2 :=augment(outputl ,MSp)

output3 :=augment (outputZ,MSiT)

output4 :=augment( output3, MSbru)

output5 :=augment| outputd, MSbry)

WRITEPRN( "output_upperussipf.dat” ) = output5

Worst cases:
kb:=1..8
kp:=1
ki:=1.8

kbru =1
kbry :=1

L =1 ..cols(outputs)

rows(output5) =1024

cols(outputy) =27
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Upper Interface plate to USS Bolts 6-02a

Title
loads
V<> ) _
worstb, | 1= (csort[ output5, kb + 8) ) L Sort using the bolt margins

boltmmz,kb = worsthkb’[kh+8) boltmml,kb 1=kb

tempb 1= csort‘boltminT,fZ)

insum, :=tempb1,1 Determine the bolt with the lowest margin
[ 1]

worstpkp,L :=| \csort(output5,kp 4 16) L
pmminZ,li = worstpkp,(kp_'_lﬁ) pinmin, | '=kp
tempp = csort(pinminT,Z)
mlnsum1 2 = tcmppl,l
. [ ' T><1>]
worstlki,L = ‘csor[[ output5, ki 4 17) L
mminz‘ki :=W0rsnki,[kn+l7) inmin . =ki
tempi = csort(inminT,Z)
minsum, , =tempi, |
[ i
worstbrukbru L :=| \csort(output5, kbru +25) L
brummz’kbm = worstbrukbm (kbru4-25) bmmm1 Kbra 1=Kkbru

tempbru :xcsorl‘bruminT,Z) minsum, , ‘=tempbru,




Name/Date C.Bala 1F:\ge No. | Fle Narne e
r_ussip.
Prepared By |11/18/02 LOCKHEED MARTIN 1S 5o up P
Science, Engineering, Analysis, & Test Draw ing Nc
Checked By //) # ///g/qu Mechanical Systems Analysis Department SEG39135788
Titl -~ Upper Interface plate to USS Bolts 6-02a
Ite

loads

worstbrykbry L

case
Fx
Fy
Fz
Mx
My
Mz
B1
B2
B3
B4
B5
B6
B7
B8
PIN
I

12
13
14
15

16
17
I8
Bru
Bry

brymin, = WOISOIY oy 26)

tempbry = csort(bryminT, 2)

minsum1

BOLTS

worstb

66004

1009

-7687

15013

-680

- 92721

- 11023
-56340
0.96
1.27
1.091
1.231
1.448
0.982
1.304
1.114
2725
0.902
1.017
1.147
0.921
1.171
0.94
1.06
1.196
2.974
2.156

5

minsum1 1 L

=tempbry 1]

PIN

66001
1016
-40984
41532
5895
-40476
-27751
17497
1.696
1.693
1.599
1.829
1.718
1.836
1.84
1.73
0.335
1.204
1.159
1.117
1.266
1.174
1.331
1.282
1.234
0.424
0.131

metpminsuml 2,l.,

< >]
= [ ‘csort( output5 kbry + 26) ) L

bl'ymin1 X

cols(worstb) =27
rows|[worstb) =8

INSERTS

Worsuminsmm1 3 L

66002
1038

39994
40654
- 6927
-39695
31990
275717
1.386
1.35

1.265
1.355
1.234
1.266
1.231
1.156
0.357
0.929
0.876
0.825
0.876
0.778
0.827
0.779
0.734
D.448
0.15

bry :=kbry

Ultimate

worstbru

66001
1016
-40984
41532
5805
-40476
-27751
17497
1.696
1.693
1.599
1.829
1.718
1.836
1.84
1.73
0.335
1.204
1.159
1.117
1.266
1.174
1.331
1.282
1.234
0.424
0.131

|Ref. figure on page 2 for bolt, pin
and insert locations)

BEARING

minsum] .4,L

Yield

worStbryminsum

66001
1016
-40984
41532
5895
-40476
-27751
17497
1.696
1.693
1.599
1.829
1.718
1.836
1.84
1.73
0.335
1.204
1.159
1.117
1.266
1.174
1.331
1.282
1.234
0.424
D.131

1,5

L



